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01  THB  IHVABUUICS  OP  FOLSKD 

kxnaujaic  codtrol  ststbs* 

By 

L.  Z.  Orlshohenko  and  D.  P.  Boldirara 

Recently  in  ▼arlous  fields  of  teohnology  (autofflatloe^telemeohanios,  oomimters) 
pTilsed  systems  are  finding  liroad  application.  Problems  of  the  theory  of  oontrol^ 

e 

InTestlgation  and  oonstrootion  of  optisua  pulsed  systems  are  acquiring  first  rate 
importance. 

As  is  known^  one  of  the  actual  improvements  in  control  quality  is  the  oonstruo« 
tlon  of  invariant  systems.  But  until  now  the  invarianoe  theory  was  basioally 
developed  on  the  basis  of  oontinuous  systems  [l  -  ll].  We  oould  mention  here  only 
several  studies  devoted  to  this  problem  for  pulsed  systems. 

Prof.  Ta.  Z.  Tsipkin  introduced  a  number  of  quality  criteria  of  transient 
prosvsses  and  oonditions  of  obtaining  ar/catiss  of  r>order  [12  -  13]. 

For  the  following  systems  were  found  conditions,  within  which  the  error  of 
reproducing  equals  aero  in  discrete  moments  of  time  [l4  -  193* 

In  the  report  by  Tu.  T.  Ereowntulo  are  discussed  oonditions  of  absolute 
invariance  in  open  pulsed  systems  [l63* 

This  report  is  devoted  to  the  study  of  oonditions  of  invarianoe  in  a  elosed 
pulsed  system  of  control  with  respeot  to  outer  disturbanoes. 

Introduotion  of  Differential  Equations  for  a  Closed  Pulsed  System  ’ 

We  will  dlsouss  a  system  of  discrete  control,  which  works  on  the  principle 
of  deviation  of  the  controlled  system.  We  will  assume  that  the  pulsed  element 
transforms  the  input  value  which  changes  continuously  in  a  sequence  qf  equally 
spaced  from  each  other  pulses,  proportional  to  the  input  value  at  the  moment  of 
time  nT.  Here  T  -  control  time  constant,  n  -  integral  nonseparabls  number.  Bur* 
atlon  of  the  inilse  equals  where  V  •  ooeffloient,  which  does  not  ezesel  unity. 


*Printing  of  report  was  authorised  by  Kievs  City  Seminar  on  Automat io  Control. 
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The  diseusaad  aystea  of  diaeontinioua 
control  (aee  drawia^)  la  daaeribad  bgr  aquation* 


aixCp) X  i  V)  :  (/).=  / (7),_ 

(1) 

«ji  (P)  X  (/)+<'  -  ( /') ( ■  )-rfla  C»)  ^  (0“0. 

(2) 

«(7)*i0  npii  n4-7  ;  /'i.  /j  f  1} 

u(t)m*tkyla]  iipii  n  ^  11  -[-•»  j  ! 

(3) 

u{J)-\~a„Q)z(i)~0.  _ 

(*») 

-  -I.  -  JL. 

Here  is  Introduced  a  dlmanalonleaa  tioa  t  »  T  and  defined  Tp  where  p  dt« 

But  further  on  for  the  aake  of  almpllcity  we  will  write  t  an  p  leaving  out  the  daalu 
Let  ua  discusa  more  thoroughly  the  equations  (1-4)* 

Equations  of  the  control  object  (1),  z-controlled  parameter*  a2,x(p)  * 

^11  ~  polyiux>>lal«  which  characterizes  the  dynamlca  of  the  object  of  control*  •13(P) 

■  n^p^  *  reflecta  the  effect  of  the  executing  mechanisn.  on  the  ean" 

trol  object* 

Equations  of  measuring  device  (2)*  equations  *2^  (p)  *  »2ll^  ^2lP  *  kgx*^^*^** 
acterize  the  effect  of  the  controlled  parameter  on  the  measuring  device*  a22(p)  *  ^2 
l22P  **  describes  the  dynamics  of  the  measuring  system*  a23(p)  >  >^231^  t 

I23P  *  ^2^  <•  reverse  effect  of  the  operational  mechanism  on  the  measuring  devlee* 
Equations  of  the  pulse  element  of  the  first  type  are  described  (3) 

Equations  of  operational  meehaxilsm  have  the  form  of  (4)* 

nie  lulsed  control  system  cannot  be  described  by  a  single  system  of  linear  dif* 
ferential  aquations  because  of  the  ccmpelled  perlodio  opening  of  the  control  ring* 

The  apparatus  of  differential  equations  allows  to  investigate  control  at  the  discrete 
moment  of  time*  because  to  describe  the  dynamics  of  the  proeese  of  the  mentioned  ■grstaa 
it  is  necessary  to  solve  differential  eqiaatloaa* 

Let  us  examine  equations  (4)  together  wltii  (3) 
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a. 


0 'll ^ **’ ^ ^ H  +  :f 
*  .  •  dtr  - 

By  Intejfrating  equations  (5)j  y*  will 

2(i)=j4,e‘‘''""'4-A«''’‘'~"'  — npH  n  n-r‘:. 


(a) 


(«» 


—  +  52^'''"'"'’  npH  n  +  vfiC/sC//4-l, 

■whero^j^  and^2  “  roots  of  oharacteristlc  equation  "^3  ♦  I33  P  ■*■  ^^33  "O* 

The  oonstanta  B2  designated  from  conditions  of  Joinint 

together  the  solutions  at  the  mooent  of  tine  n  •*•  ,and  initial  oonditions  at 
the  moment  of  time  t  ■  n« 

I 

)^2\ii\  —  z\ti\  ky{n] 

A,  ).j  Aj  (1,  Aj) 


>».  =  ■ 


^  _iir[/i[-2|«l  I  i-yW 

Aj  —  (Aj  Aj)  mjj 


B,  =  — 


fey  1«) 


C'J 


^•1  O'l  ''■») 

Aj  (a,  Aj)  ffljj 

I  .  .  .  • 

Substituting  the  obtained  values  of  oonstants,  we  find  Talues  s(t)  and 
8(t)  at  the  moment  of  time  (n  e-  l) 

2l«+ll  = 


,  i!£:i=i£  r  |«| + |»i  - 


*1  ^ 

ij  ==  _ 


H  -  '■ 

I  '*1 


I  'I  VI 

A,e'' 


yl/M. 


yl«l,  (8) 


(91 


(a,  -X,.)/«J., 

We  like  to  point  out,  that  beoause  of  the  smallness  ofY  the 

items  of  the  type  e'^  /  change  by  1  Y ,  where  alpha  is  a  oonstant  Talus*. 

We  will  rewrite  equatio/i  (8)  for  (n  +  l)-interTal  of  time. 


— r^;yl«+il- 


(10) 


Having  excluded  from  equations  (6),  (9)  Md  (lO)  the  values  s[n3  and  s[n‘fl3 
we  will  obtain  a  differential  equation,  which  describes  the  dynamic  properties 
of  the  operational  msohanlsm  of  the  regulator  in  disorete  moment  of  tins 

r  (m  +  2)  =*  (<?*.  +  e‘'-»)  s  |a  -f  1]  —  ( «]  —  y  [/t  -{.  ]  |.  ( 1 1 ) 
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la  an  analogoua  nr*  solTed  dlff«aatial  •gontiona,  which  describe  the  dynaale 
properties  of  the  object  (12)  end  nseauring  eleaeat  (13) 

X  In  +  2]  =  («•■ -f  «•■)  j:  I«  +  1 1  — r  I«  + 11+ 

IH,, 

H - zln\ - ^Cy{«  +  1) - r- - ^  X 

OTji  '»u(*»~‘4) 

«  +  l  .t  +  l 

X  f /(/)«-‘<'->d/+  r l{t)e--v-iiU+ 

J  ®ii(»i— aJJ 

m  » 

*+2  •tJ 

+  — P — -  f/(i)«-’'— '* - P — ■.f/We-'-  -  dl.  (J2) 

}it 

(e^— 2,)C/.^— aj’  (+— «a)fS— “s)  ” 

_ flu  Pa)  ^ 

P»— «i)Pi  — P”— a»)(>a-“i)(^i— S) 

<>13  (a.)  g*' _ g|3(ai)g** 

(a,  X,)  (a,  A.,)  (a,  a^)  (a.— 1,)  (a,—  1,)  (oj  x) 

a,  —  KOpCHl  xapaKTCpHCTHHiioro  plBiifliina  /njj/>*+/n/>+*)i~0.  ^i»(“/)i 
a„iX,)  —  noiilHOMH  Tuny  Oi, (»/)=/», .«j+/,sai+A« 

y  [/1  +  21  =■  (c^'+c^'lyf/i+ll  —  c^+^yf/ij  — 

alpha^  end  alphe2  **  characteristic  aviation  ♦  lu»  ♦  ku  •  0,  ai3  (a^), 

aj^jCXi)  "  PolynoBdali  of  the  type  aj^(a^)  ■  ■*■  ll3*i'**^13  (  1  ■  I*  *)l 

_  X  [«  +  1 1  +  1«1  f  /  P)  ■  ‘  + 

m„  J 

11+2 

+  ^  (13) 

AtI  * 

«+^  *'* 

^  r  /  (^)  c-’> di  +  6,  j  f  (/)  f-  ••  dt +, 

»+i  “ 

ii+s  •;;» 

+7,jj* /(/)«••  I'-'"  rf^  +  ^Tj  ‘~'‘'df  +  b^^  /(/)<-*■ 


-"  i//  + 


Values  Z,M,NaR,P,  b^  (  1  *  1»  2»**«8)  •  certain  constant  coefficients  dependinc 
upon  the  paransters  of  the  systea 
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I 


z  = 


+ 


?j)  'i'l  *i)  (?i  ^’i)  (?i  —  '•;) 

_ j'-=n2,(%)  0,3(2.)  _  _l_ 

(?i  J'l)  (?j  “i)  (/£  (?:  'u)  (?2  '1) 

e*-rt;,(a,)rt„(a,)  _ 


*2)  (^1  .^1)  (^-i  .■'2)1^1  ~ 'm)  (*»  ''2) 

_ _ 

(a,  -  a,)  (a;  —  .3,)  (a^  -  p.)  (a,  -  >.,)  {«*  -  >.;) 

_ ^  'O'Jt  0‘l)  ^laO'l) _ _ 

(Aj  a,)  (aj  a,)  (a,  —  Bj)  (aj  flj)  (a,  f ,) 

_ e^-'02i(>-i)o,sO‘t) _ 

(Aj  Aj)  (Aj  Sj)  (Aj  a,)  (a,  |Jj)  (Aj  —  Sj) 


e'-=a,3_(p3)_m,, 

■  )'r  ,r~  -  i 


6‘.a,.,(A,)m,i 


«V/j3  i).i)m„ 


(k  -  '-2)  (>-i  -  ?l)  (^.  -  ?2)  C'-,  -  >-2)  (>-2-  ?.)  (^*  -  ?.)  j  ’ 

^ _  (e»'— g'’»)a;i(aj)  _  ^ ^  (e»»— g>.)  (e»— g^)  g.,  (a,) . 

(“i— Pi) («i-  Pj)  («•—«*•)  ’  (»2— Pi)  (“=- Pi)  (e''-e'') ' 


J_ 

/w. 


(g*‘-g---)(g*— g--)(g'^.-g*.)  fl|i  (»i)fln  O-i) _ 

(e>.._e;v)  (2,  -3j)  (a,—  3,)  (>.,—30  (>-i  -*1) 

(g*>— e-)  (e’‘‘-e^-) (g''-g».)  a,,  (a,) a,..  {/.,) 


(g“'  -g*»)  (g'— g'«)  (a,—.  3,)  (a,  -  ^j)  (/.,—»,)  (a,  —  aj) 

_  (g'-'-g^O  (g'‘  -g’O  [Q,.,  (a,)  a-n  (>•■)— ffl|,QL.a  (>-i)  (>.|-»i)  (>>1— a.i)]  |  . 

(>.,-a,) (a,  -aj)  (a,— 3,) (>.i-?j)  (g'— g^)  I  ’ 

J_  I  (g»— gS)  (g».— g?.)  (g'.-g“.)  gj,  (a,)  a,j  ().,) _ 

/^ii  I  (g’— g*') (g*.-g'*) (a,-.Sj)  (3,— S,)  0-»— «i) 


See  Page  5a  for  oontinuation  of 
S4uatlon  13a 
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Equation  I3a  (Continuad) 


_  {<•' — e-)  (ey—ey){e^—c')  r?,.  (a.)  a„  f/..,) _ 

(a,-S;)  (*;-%)  «;) 

(<?'=— g--)  [a,.,  Q.,)  a„  (k,)  (/■;)  (/■;-»,)  (a,— g;)] 


"t|  I  (?i— »i )  (?.-»:)  (h—h) ' 


^21  (?j) 


/"ii  (.-1— .52)(?a-*.)  02--»2) 


_  _ 

(?i  /»)(?!  *s) 

'«1 1  (?)  -Pi)  (?s-  »l)  (/*-»*)  ’  ' 


r (gi)  ••') 

1.  (*i  *j)(*i  Pi)(*i 

(a,  -Sj)  (g,~.5,)  (a,.— ij)  (<?•— C**)  J 

_ (g,)g°‘‘  , 

(*i  *2)  (*i  Pi)  (*i  Pi)^ 

C  <*vi  (*i)(^"*' — C'**'*"** — 5») 

[  (*;— a2)(«i— Si)(»i— °2)(«*— ^••) 

_  (as)  -g  ''■)  1 


\Jdc. 


(*i-»2)(a2-?i)(V-W 


5» 
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Codfficlsnts  of  differential  equations  eons  out  hare  buUgr 
because  of  the  faot  that  a  pulsed  systen  of  quite  general  typ*  i*  diaeusaad.  Zta  aoa 
tlnuoua  part^  which  consists  of  the  objeets,  measuring  and  operational  elanenta 
described  by  equations  of  sixth  oa^aitode*  because  each  element  is  efaargad  with  a 
mass  dissipatiTS  (Ij^j)  and  elastic  (k^j)  propertiea« 

InTarlanoe  conditions  of  discontinuous  control  systens  fcr  deriatioaw 
To  operate  the  obtalnedi  differential  equations  as  algehraie*  va  will  aubjaet  Sana 
to  the  discrete  Laplace  transformation  and  we  will  utilize  the  lag  theoraa  (I3)e 


(17) 


D{}[n+k\)=e‘»‘ 


^*(9)—  (raj 


J.  /3t 


where  P*(q}sD  .  images  of  gradual  function  f^^  .  Before  applying  diaerata 

laplaee  tranaforma  to  Integral  items  of  aquations  (12)  and  (13)  we  will  change  in 
the  integrals  the  Tariables  t  t  «  n  «  for  integrals  with  boundaries  fVon  n  to  n  ♦  1 
and  t  ■  a  1  -  for  Integrals  with  boundaries  from  n  ^  1  to  n  ♦2* 

Having  applied  0-traneforma,  we  will  obtain  appropriate  integrals  of  the  type 

1  I 

^F*(q,i)e~*'di  rz  e'*e^  ^[F*{,q,  i)  — l3c^ 

0  ..  ®  _ 

To  obtain  r*Cq«^  }t  which  is  not  included  in  the  sign  if  the  integral*  «a  mat 


taka  aTeragesdrantaga  of  the  theorem.  Ihen*  for  examplct  va  hawn 

1  I 

'  F*(q,  £,)  \  ' . 


. ! 
f' 


/:?</ 


‘’l!  "J 

—  3t.  ' 


lf*{q.  t)  /(O,  t)]e— *,)  -}(0.  O] - 

where  and  £  2  *  certain  points  on  the  intexnral  (O.l). 

Having  made  such  transformatioos  with  differential  equations  (11)*  (12)  and 
(13  )  and  having  selected  the  period  of  control  T  so  that  the  distortions  f(t) 
would  be  little  changed*  we  will  obtain  a  ^stsa  of  eqoatioaa 


Sea  Page  6a  for  Bquatlon  14 
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Bgufttloa  14 


I. 

II. 

+[/?(e«- 
III.  k- 


4-Q,««  [F*{q.  c,)-/(0.  £,)I+/e,(0); 
[M  (c^  -  €•>) — Nieo—e'^)]  x*{q)~ 


nu,  e''-T-e-‘*'‘+  — -  Ze'i 


(</)-r 


^1—  ^ 

T- — —  =/^(").  (14) 

K^ — A, 


W0-TT-62-X521/14-2 


6a 


where  R2*  ^  *  iteas  which  depend  upon  tha  initial  eonditions  of  Tariahlos 
s»that  ie  upon  xlb]*  yUf],  *^3 

‘'‘■"a,(a,— aj  a,(a,-a,)’  *  a,(ai— a,)  a,  (a, -a,)  ’ 

_ fl»  (p,)e^(\-e’‘) _ , 

*  (Pi  —  *i)(?l — “2)  (Pi“  Pi)?i®*n  (?2  *r)(^i 

_  (  a,,  (a,)(g«.^««-g^---‘— _ 

1  (a,-a,)(a,-3.)(a,-?J(r^-r^) 


(a,-a,)(a,-?,)(«,-?,)(«*- «^)  J  “j^ii 

( ^21  (a,)(£-*— 

■‘'I  (a,-a^(a,-?J(a,-^)(^‘-«*.) 

(oi-a,)  (a,— ?i) ’ 

^  _  r _ a„(P.)(l -<?■■) _ 02.1^2) 

I  (Pi — *i)(Pi  *2)(Pi  Pa) Pi 


ll\a. 


(*: 


C5,-aO(P2-a2)(Pi-P.)P. 

a»  («i)(l— g*‘) _ a2i(«a)(l-^)  1  JL 

i-Pi)(ai-P,)(«i-“2)*i  (»,-Pi)(*2-?i)(»i-»i)»«  i 


+ 


For  the  coQTenienee  of  reeoardtng  we  will  rewrite  the  eystem  of  equations  (14)  into 
more  compact  form,  introducing  new  desicpMtiooa  ot  the  proper  coeffieients  at  inda- 


pend'jnt  wariables. 


+Q,ev  [f  *(^.  ..)-/(0,  »,)H'/?,(0): 


Solution  for  x*(4)  is  found  from  egaatiom  _ 

P03B'a30K  x*(q)  3HaXOAHTbCH  '  piDM.fiHHH 

Dx*{q)=‘A^,  {QiF*{g.  I,)+Q.^‘'IP‘(V.  ».)-  /(O.  •2)l+/?i>  " 

-  19.  -1)  -  /  (0.  «:)1 +/?.'  -rA.iR^, 

where  the  determinant  of  the  system  has  Ite  form  at 


D- 


jh,,  fc.j  l>ii 

60,  l>tj  l‘tt 

0  hjj  ftj, 


.  U 


npMHOwy 


(Iti) 


(17> 
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ftt.  vhleh  I  0»  A2X  ^  0« 


It  is  sTidsnt  froa  aviation  (l6),  that  for  the  indapaodanea  of  z*(0  fron  tha  laa^ 
of  disturbaneaa  it  is  naeassary  to  parfora  aggaationa 


Qi  ^  <3*  _  ^ 
Qa  Q.  A,,' 


(1«) 


The  Taluas  A21  and  found  from  (U).  (15)  (17)  will  be  substituted  in  (18) j  henea 

wa  will  obtain  eonditlona  of  inTarlanoa  in  uzxfoldad  fora 

Q,  Q,  It  P  i 

_  m^m33=0  (20) 

The  condition  11^2^3  *  0  ia  not  accurately  realized  baoause  of  bhe  praaanea  of 
inertia  in  tha  measuring  and  operational  organs  (11^2^  0»  0)/«  In  tha  system  of 

discontinuous  regulation  of  one  parameter  of  dsTiation  wa  can  speak  only  about  approzi- 
aata  fulfillaent  of  condition  (20)«  that  is  for^*  inrarianoa* 

We  will  assume*  that  the  invest igatad  ^stam  of  pulsed  control*  which  consists  of 
object*  measuring  and  operational  elements  is  a  fixed  ons*  i*.a*tha  properties  of  tha 
operator  aj^^(p)*  a22(p)*  «33(p)  are  known*  Condition  (I9)  does  than  allow  to  select 
the  parameters  of  correcting  junctions  a2x(p)t  •i3(p)»  •23(p)  i&  such  a  way*  that 
this  system  will  bacoms  invariant* 

SL.  JE- 

And  so*  tha  realization  of  condition  ^  *  9^  leads  in  open  form  to  agnatioa 


g’’)(l-g’0(g*— g°‘)  . 

.  g»  (°a) (» -g^) (1  -g"-) {e^‘-e>-)  _  I  (i-e«.)»(e».-e3.)(es-g?.)  _ 

__  (1  —€•')  (1 — g*»)  l(g"— c-  ')  (g^— g^»)-Ke*— (<*■— e^')l  ^ 

4.  ( i  g‘‘)*  <«’*' «fl) )  r _ _ Unia-j)  1 

*»  )  L(»|->i)(a.-?s)  >j!)J  ^ 

X - ^ - —  0 

(*.-aj)(g’'-g‘0 
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from  which  it  is  possible  to  deslf;nsts  one  the  paraostsrs  of  transmissloB 
funotion  correeted  b/  inoraass  in  a2i  (p)  -  a2j  p^  ♦  I21P  ♦  ^21  ,  for  szappls 


^21  -  -  ***•'• 


//, 


(w.,p.  *  ':,)(!  <■'•■)  I'd  ■ 

i')  (1— <'’*)(g*- 

(P.-P=)(P.-*i)(P,-»:)l 

3, 

(«ji?»+/2i)(l— g'’’)  [(1  -g’O  (e’—t 

?!,)  (l-g«0(g*-. 

3j 

“I 


_  (1 —/?*■)(! — e'>)[(e'-  -e''‘)(e’- — e’’-)  r(g*‘ — g^)(g*‘ — e^)l 

_ 


(t  •—«*»)*  {e.  —€•'■<)  {e*.  -  e-i) 


Vj_ . 

(®i  ?i)  (*i“Pj) 


_  _ 1 _ } _ 

(«j— Pi)  (»i-Pi)J  («i— “I’i  (<?•—«*•)  ’ 

_ >— _  r(i-g‘')(g*‘ 

*  P.  (P,-P,)(Pi-«.)  (?,-»,)  I 


\—e^> 


(1— g*»)(g*‘ — 

“*  I  Pi(?i~?2)(?»~*i)(?» — *j) 


zfH  — 

1(1 — e'‘)(e*‘—e*‘) 


(1— g*^)(g*‘— g^‘)  j  _  (1 — g*‘)’(g*»— (g*.— 6^)  _ 


(1  — g*')  ( 1  — g*«)  l(g*'  — g‘’‘)  (g*’ — g’')+Kg*‘ — g’*)  (g*» — g^‘)l 


3.3, 


( 1 — g*')’  (g*‘— g^‘)  (g*' — g^) 


»r 


j  [  {*>  Pi) 


(» 


1  _ 

!— ?l)(“2-?l)j  (*|  — 


1 


3j(g**— g^) 


y 


From  other  three  invariance  oonditions  (19}  can  be  fotuid  oertain  three  parai- 
maters  of  oorreoting  elements  a2]^  (p)«  a23  (p)*  a  x3(p)* 

The  'obtained  results  oaj^be  easily  expanded  for  more  simple  single  oiroult  pul¬ 
sed  oontrol  systems  with  tlie  aid  of  a  boundary  transition  in  formulae  (19)*  . 
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STIBLE  AXD  STXAICZC  COSDITIOBS  07  OPSEUTIOI 
OF  AH  EXTHSSIAL  SYSTEU  TOR  COHTROLLIIO 
A.  HTDROMOHITOR 

Part  II* 

»J 

B,  Tu.  Uandrovskiy-SokoloT 

In  this  report  is  discussed  a  step-hy-step  extremal  system  with  two  oontrolling 
effects.  The  object  of  control  qf  such  a  system  is  described  in  The  task  of 

the  extremal  system  of  controlling  the  hydromonitor  is  to  properly  select  projpraii 
elements  (arm  of  repulsing,  rate  of  movement  of  stream  of  water  after  stopping) 
in  order  to  obtain  maximum  operational  productiveness  of  the  hydromonitor.  The 
magnitude  of  the  repulsing  arm  changes  within  certain  intervals  of  time,  which 
are  designated  by  the  program  and  the  rate  of  flow  of  the  stream  of  water  after 
stopping  can  change  continuously  because  the  program  imposes  limitations  on  the 
moment  of  change  in  control  influences.  In  this  report  is  discussed  an  extremal 
step-by-step  system  with  two  regulating  effects  at  just  such  limitations. 

Method  of  Searching  for  the  Extre"»«"> 

The  known  methods  of  searching  for  the  extremum  [3  -  33  consider  the  object  of 
control  M  inertialess  and  the  regulating  effects  as  independent  variable  values, 
which  change  at  will,  unlimited  or  limited  in  value.  The  time  limitations  imposoA 
by  the  program  on  the  moment  of  change  in  regulating  effects,  see  [8]  stipulates 
the  difficulties  in  the  application  of  such  effective  method  of  searohing  for  the 
extremum  as  maximum  descent  gradient  methods,  because  in  this  oase  are  necessary 
simultaneous  continuous  or  periodic  changes  of  all  regulating  effeots  [4,  53*  In 
this  case  it  is  advisable  to  utilise  the  Oauss-Seidel  searohing  method  by  searoh¬ 
ing  for  the  extremum  by  the  "through  method"  for  each  regulating  effeot.  It  is 
apparent,  that  limitations  in  the  movements  of  change  of  one  of  the  oontrolling 

effeots  will  only  inoreass  the  time  of  searohing  for  the  extremum.  In  this  ease 
is  possible  to  apply  also  the  "OFKOH"  type  searohing  method  [5]. 

«Ths  first  part  of  this  report  was  published  in  Vo. 3  of  our  Journal  for  19C1 
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The  natural  deTelppmsnt  of  the  Gnas'^idel  oathod  will  be  the  method*  which  in 


called  the  multiple  interral  method.  Ve  will  asaume,  that  the  control  interwal  for 
another  controlling  effect  ^  (another  channel)  la  giTen  by  the  program  and  it  eqjuala 

Hie  control  interval  for  the  first  control  effect  tu  (firet  channel)  can  be  aelec^ 

> 

ted  indei>endently  of  the  program  and  b  T  tinea  smaller  than  the  control  intervals  T,. 
that  is  multiplicity  coefficient  of  periods  X  •  ‘ii  can  be  an  integral  nuabered  and  an 
irregular  fractiou  aa  wel^lare  vaa  investigated  only  the  first  case. 

The  methodof  multiple  intervals  consists  of  such  atsgesi 

1.  Storing  of  eztremuffi  Indicator  valnes  at  valnas^  (Ip  and  Vp  . 

2.  Simultaneoas  impartin^o  and'A?^  valuss  of  andZlV  inersmsntai  tbs  sigc 
of  Increments  for  the  first  stage  can  be  arbitrary. 

3.  Next*along  the  extend  of  E-1  control  intervals  the  valuss  are  given  with 

Increments  .  The  incrsmsnt  signs  should  be  suoh*  that  the  value would  approach 

extrenna. 

4.  In  the  E>eontrol  interval*  Icnowing  tha  increment  sign  dv*  is  designated  the 
value and  the  signs  of  its  increments  ^  ^  ^  o  ^  Ic>l* 

.  Equaticms  which  designate  the  direction  of  motion  of  the  system  in  the  following 
control  interval  (law  of  control)  have  the  form  of 


c*  S.--slgn(5p,— "P"  y,  — 
ado  ' 

.  .  .j  npH  y,— «p._i<A, 


TS 


a6» 


5i  =“  —  s«lfn(T<  —  nps  f,  —  >  A, 


"P"  Ti  — ti-iXA* 


(i) 


la 
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vbsr#  n  ■  2(*««(K«K  ♦  If  »t2Kj2K  ♦  !••••  sod  so  on|  1  *  !• 

and  BO  oni^i^  **  bensitiTlty  of  the  rsffilatov* 

Tbe  aearcb  for  tbs  ertreiua  wltb  two  eoDtrollla^t  effects  la  realized  slfflultanBousl/ 
aixd  ziot  by  the  ‘tbrougb  matbod*  like  with  the  Gouss-Seidel  lastbod* 

The  aiga  of  increment  In  regulation  effect  may  be  dlstinguiebed  not  by  the  diffarenoB 
of  octremuffl  indloatlona  in  two  adjacent  time  intervalSf  but  by  the  dlfferenee  of  two 
intemls  in  the  extremum  indication  within  adjacent  control  internals.  In  tbia  ease 
the  law  of  control  can  be  written  as 


Sea  Page  13a  for  Equation  2 


The  block  diagram  of  the  extremal  step«by«stap  system  with  two  controlling  eititoets 


with  eoxiatant  values  of  the  control  steps  is  shown  in  flg*l»  The  syatea  perfcms  a. 
search  by  the  multiple  interval  method. 

If  we  should  write  for  the  sake  of  simplicity,  that  the  linear  transmieaiion  |i|ae— 
tion  for  the  first  control  effect^  will  be  an  aperiodic  link  of  the  first  ordaV 
than  th*  llnefor  inertial  part  of  the  object  (link  1)  Is  described  by  linaar  dijFfalll^ 


reo-|m62.i52i4^ 


'■  -JiT-i  n. 
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npH 

n 


at 


ar 

ado 
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npii 


S,  =  —  sign  ^  J  -  J  9«-id^j  S,-i 

•—I  A-a 

a 

[  J  -  J  »•-!<<<]  >  A,, 


•-I  a— t 


V  _  ▼ 


<Ai 


'•— 1  »— * 


i  1-1 

sign  ^  j*  ^  6-1 


<  • — i 

I  I  —  I  r'  j 
si  i-T  ■' 


?i  —  5i-I 
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tial  aquatloiui 


(3) 


Pig. 1.  Block  dia^am  of  axtreoal  8t«p-hgr'*«top  ajrstea  vith  two  eotntrol 
effects  vith  eoDiStant  control  stop* 

1-2  -  linear  inertia  links  of  the  control  objeeti  3-o«nlinear  inertisless  link  at 
the  control  objacti  4-5  -  elements  of  logical  actioni  6-7  -pnlso  olansntsi  8-9  - 
operatioDBl  motors)  10-pulsa  generator)  ll-pulao  dlstrubatoT)  12-13  -  sign  triggan* 

For  tbs  second  control  effect  -^e  obtain  asnlogoaailp 

(4) 

Ibe  nonlinear  inertialess  part  of  the  object  daring  approKinatlon  at  eactreaal 
dependence  by  •  paraboloid  are  egosllixod 

=  fli  (X.  +  +  2a„(X,  4- A^+o,(y,-f (5) 

The  operational  inertialess  derioes  with  stahia  control  step  hSTe  tha  fora  of 

}»,  =l»»-i  +  0,2:,  Ts  »<  — '•4-i  +  Q25<,  (6) 

where  ,aj^*  *!•  *2*  *12  *  transmission  eoefficit  ntai  0^  *  e  %  *  a'^^Tl 

-  parameters,  which  characterize  the  inertia  proparties  of  the  control  objaeti 
lambdatj^ylambday,  lambda  -  outer  disturbances)  and  -  eontrol  stops  for  first 
and  second  channels  respeotiTcly* 

In  egiiation  (3)*  (4)  the  ealnsa  0^  and  D|  AapedaA  apon  the  time  constanta  of 
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inertia  links  and  upon  the  control  intervale  as  well«If  the  values  of  the  time  constants 
and  7*2  different  and  taUj^^  taU2*  then  the  application  of  the  multiple  inter* 
val  method  does  not  inereaso  the  time  of  searehing  in  eonparison  with  other 
search  methods.  In  fig.2  is  shewn  the  search  for  the  extremun  by  different  aethodsi 
by  the  gradient*  fastest  descent*  Gauas*Seidel  and  nultiple  intervals* 


See  Page  15a  for  Figure  2 


Fig.2*'iraJeetions  of  motions  when  searching  for  the  ertresaam  in 
plane  of  control  effects 

I>taU]^  and  tauoi  H  •  tau]^  tau2i  a*  gradient  method |  b>  fastes  descent  method | 
c*  Geuss-Seldel  method |  d-mltiple  intervals  method* 

It  is  assumed*  that  the  control  interval  and  time  of  determining  gradient  values 
are  limited.  As  is  evident  from  fig.2*a*  the  number  of  control  intervals  and  trajee* 
tories  of  motion  of  the  working  point  of  the  system*  as  well  as  time  of  searohing  do 
increase.  For  Gauss-Seider  methods  and  for  methods  of  multiple  intervals  the  condition 
tau]^^  tau2  has  no  effect  on  the  increase  in  searehing  time*  if  we  taka  into 
oonsideratlon  the  reduction  in  sensitiritj. 

For  the  case  of  the  multiple  intervals  method  are  revealed  additional  posslbili  • 
ties  of  removing  the  negative  effect  of  the  condition  taujj^  tau2  for  the 

time  of  searohing  by  a  proper  seleotioa  of  ooeffieients  of  period  imiltipllellgr 
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Next  ve  will  iSTestigata  oaly  the  inartlalaaa  obJeotSf  writing  0^  >■  •  0* 

disatiantage  of  eueh  methods  to  saarehlag  for  the  extresua*  such  as  tha 
dlant  method,  fastest  descent  xoethod.  Gauss  and  Seidel  method,  is  tlst  they  assure 
only  the  naoessary  oonditions  of  attaining  extreoua^partial  deriTatiTea  for  all  eoft> 
trol  effects  equalling  zero*  Consequently*  if  the  extremal  function  has  peculiar  lines 
of  the  Merest*  "saddle*  type^*  6j*  than  the  system  will  not  attain  actual  extremm* 
but  will  around  a  certain  point  of  the  "crest*  or  "saddle*.  Search  by  the  oultiplo 
intervals  method  at  a  certain  selection  of  the  parameters  of  the  system  can  be  de* 
priTeci  of  this  disadrahtags. 

Fig*3  gives  a  graphic  representation  of  the  morements  of  tha  system  when  the  Gauss* 
Seidel  and  the  multiple  intervals  methods  are  in  searching  for  the  extrenum  under 
identical  Initial  conditions*  If  the  system  was  in  position  *0**  then  *  as  diovn  by 
calculations*  it  will  move  along  the  trajectory  0>l-2*3>4*5'0  at  the  Gauss-Seidel 
search  method*  and  by  trajectory  0«l'-2*»3*oV*5*~^'*7*-8'  and  so  on  when  searehing 
by  the  multiple  Intervals  method.  In  this  case^y^*^^  ~  ^^1  (for  TnuTimuTw)  gg 


very  same  direction*  l*e* 


(for  minisvffl)  and  the  next  step  will  be  made  in  the 
the  system  is  moving  in  direction  of  the  general  extrena* 


Ihe  system  with  multiple  Intervals  of 
changing  the  control  effects  during  the 
application  of  the  control  law  (2)  has  even 
greater  possibilities  in  this  respect.  As 
is  evident  from  the  given  example,  at  mul> 
tiple  intervals  method  it  is  possible  to 
assure  adequately  the  conditions  of  ettaia* 
ing  extrenaa* 


yig*3*^aJeetories  of  motion  in  the  system 
when  searehing  for  the  extremum  in  the  plane 
of  controlling  effectsu*'^  in  presence  of 
a  crest t  by  the  Qauss*£eidel  method  (0*1«4 
-3-4-5-0)  and  by  the  multiple  intervals  amt 
n!Ib>Tiw62-X52X/L^  ote*)* 

- — _ - _  u _ 


Eatabllahed  Working  Condition  of  the  Sxtrenel  Step>By-Step 
with  IVfo  Controlling  Sffeets* 


We  will  inreetigate  the  catabliahed  moreioents  of  the  aystem  around  tba  extremuiu 
The  operational  q]ual.ity  of  the  control  ayaten  ia  eatimtad  by  the  raluea  of  loaaaa 
due  to  looking  around^*  2^ 


V- 

^r/ 


i-y 
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The  ayatem  hare  bean  Inreatlgated  theoretically  and  axperlnai tally.  Theoretical 
inTeatigatlona  were  carried  out  by  the  nunarioal  method,  the  axperioantal  -  by  an 
actire  model  of  a  atap-by-atap  extremal  ayatam  with  two  control  effaeta  at  tba  law 
of  eontrol  (!)• 

Juat  aa  in  the  caae  of  an  extremal  atep  ayatannvith  oaa  eontrol  effect,  auto* 
oaeillationa  in  the  ayatem  with  two  eontrol  effeeta  depend  not  only  upon  the  paramet— 
era  of  the  ayatem,  but  alao  upon  the  initial  oonditiona.  In  all  iareatigationa  were 
accepted  zero  initial  conditiona.  For  the  ayatem  tlth  two  eontrol  effeeta  the  magnitude 
Hp  dependa  alao  upon  the  coefficient  of  period  nultiplieity  X,  In  fig,4  la  plotted 
an  oaeillogram  of  motion  in  the  ayatem  around  the  eztrenim  for  Tarioua  K,  and  in 
first  graph  of  table  1  are  given  the  valuea  Hp  determined  from  these  oseillojyaiim, 
Heaulta  of  numeriaal  investigation  of  the  influence  of  K  on  the  magnitude  of 
losses  during  the  searching  for  two  types  of  control  lawa  are  listed  in  the  following 
eolxuaia  of  table  1,  It  should  be  mantloaed,  that  the  value  Hp  depends  upon  what  in 
terval  will  he  made  the  first  step  to*^  .  Because  of  this  were  introduoad  sTeraga 
values  for  the  loss  In  traaing 


//. 


1 


(8) 


1 

It  is  evident  from  the  table  1,  that  the  losses  for  tracing  have  a  minlaam  at 
8h3  or  Bb4  (for  systems  with  control  laws  (2)),  Further  on  the  losses  for  tracing 
are  reduced  somewhat  (for  ease  (20),  and  for  the  Uw  of  eontrol  (1)  they 

fn^TT^-l^Ol/leg  ly 


Table  1 


Magnitude  of  tjie  Hiltipllcity  Coefflolent  K  » 


Lobb  for  tracing 


Experimental  values  ^ 


Hp  at  control  law  (l) 


Hp  at  control  law  (2) 


Hp  for  the  Gauas-Seidel 
method 


ing  the  operation  of  the  first  channel  of  the  system  (>^0  only,  whon  s  const,  and  by 
N2  -  the  period  of  oscillations  around  the  extremun  during  the  operation  of  the  second 
cbp.nnel  only  (V),  when^^f  const, 

In^^'is  shown  that  at  zero  initial  conditions  the  minlsum  losses  for  tracing  will 
be  at  1^4  corresponding  value  of  the  control  step.  Calculations  and  experiments  showed 
that  in  case  of  a  system  with  two  control  effeots  the  mininum  loss  for  tracing  will 


1  -  1 
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b«  at 
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rig*5#MoTeo9nt«  around  the  eztresua  in  the  extreml  step  system  for  Tar  ions 
inltiel  conditions  end  Tsrious  K,  v  jr  -«  Tarxous 

J*l**^4l  et  K  »  2  the  moromant  of  the-  system  will  bei  0>l-2>3.0.4^^7.7.6.0-5a 
0|  b-  at  K»  2  the  moremeat  of  the  system  will  bet  0-4-7-8-7-9-10-11-7-6-7-5- 
J2“5-2-1-2-13-14-15-2-3-2-4-16— 4|  o«  at  »»3  the  movement  of  the  system  will  he  i 

•*  «*  •  4  movement  of  system  will  be  i  0-l» 

®*3“2“1-0-^0-4-0-8-7-6-7-8-0-4-5^I  f-  at  K*  3  the  movement  of  the  system  will  bei 

0-4-2-3-2-1-2-13-14-15-14-13-2-14-16-4-0-3— 7-6-7-8-7-9-10-11-io-9-7-0-7-6-7-5-1|,?5-0, 
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Iba  results  of  IzxTesti^tlng^t  2,  7^  extremal  step  sj'stems  with  one  control  effect 
can  be  utilized  sueeeasfUlly  with  mlninua  losses  of  this  tracing*  Caleulation  results 
ere  given  in  table  2*  . 


Table  2 


In  fig*5  is  shown  the  direction  of  motion  about  the  extraam  for  various  S  values 
and  «  4* 

Ve  compare  the  value  of  tracing  lossas  during  the  Oauss-Seldel  searehin  method 
with  the  ease  discussed  above .  For  zero  initial  conditions  *  figuring*  that  the  control 


interval 'V  is  by  K  timss  greater  than  T^*  we  will  obtain  a  tsrm  for  tracing  loss 

H  _(4/C+^.Q:-f(2A:-f4)g,Q;  /«) 

"  ^(l+K)  ’ 

provided  we  write  a]2  =  0*  In  last  column  of  table  1  are  given  Hp  values  for  various 

►'i-'  ; 

K  for  the  very  same  values  of  system  parameters*  From  table 

1  is  evident*  that  the  method  of  zultlple  intervals  has  an  advantage  over  the  Qeuss 
Seidel  method  at  certain  values  of  the  multiplicity  coefficient*  ! 

Transient  Brooesses  in  the  Stitremal  Step  ;^stam  with  Two  Control  Effects 
The  condition  of  motion  of  an  extremal  step  system  at  a  considarable  initial  devidtion’ 


from  the  axtrenaim  is  characterised  by  the  time  of  searching  •  time*  within  which  tha 
system  reaches  extremum  •  The  time  of  searching  will  be  dependent  upon  the  mg 
nitude  of  the  deviation  from  extremua  and  the  initial  oondltionsC^^^  )* 

Under  other  equal  conditions  the  time  of  searching  for  the  method  of  multipla 
intervals  will  be  proportional  to  the  absolute  value  of  maximum  deviation  coordinate 


from  the  soctraam  of  the  working  point  of  the  systam  or  Cwhen  reading  from  the 
axtrenoO*  Ths  cystcm  will  arrive  at  tha  extrsnim  by^  and'\9ra8psetivsly  during  the  time 

Vi  XI 
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If 


^  aaarehing  aqjuala  tp  ■  t^«  and  If  ^  K'^a 

the  time  of  saarohin^  will  ba  tp  *  ±2*  aaarehlng  bytha  Gaaaa<^idel 

method  ia  datarudnad  by  tha  total  number  of  houra  spent  on  aaarehlng  for  aaeh  eoatrol 


affaet 


(10) 


Compariaona  of  (9)  nnd  (10)  show,  that  the  time  of  searohlngot  the  nultipla  ia 
tarTala  method  la  amallar  than  during  tha  Gauss-Saidal  mathod* 

Wa  will  now  dlaeuaa  tha  raaulta  of  experimental  and  numerical  invest igationa 

of  tranaiant  proeessaa  in  an  extremal  step  syatem  with  two  controlling 


affacta* 

In  fig«6  ia  given  an  axampla  of  the  transient  process, fornulated  in  accordance  with 
the  oacillocyam  of  tha  tranaiant  prooasa  in  a  modal  of  an  extremal  aystem  with  two 
control  affects* 

A  review  of  the  oaeillograms  and  numerical  solutions  of  aqiuations,  which  dcaeriba 
tha  behavior  of  tha  system  (l)«(6)  shows,  that  aquations  (9)  sod  all  eonelnaiona 
connected  with  them  are  valid  only  in  case  whan  tha  signs  of  ineremenata  of  ragalmtion 
effects  converge  at  tha  first  maaent  with  the  signs  lambda^  and  lamibday* 


7ig*6*Saareh  for  sztranum  in  an  axtramal«8tep  system  with  two  eontrol  affects 
at  initisL  deviation  from  extrenun,  a-eztrasml  vslnss# 
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Fig*7*  Search  for  extrenum  in  extremal  -step  systaau 
a>at  law  of  control  (l)}  b«  at  law  of  control  (2)« 

Equation  (9)  glres  ralues  of  minimum  possible  time  of  searching.  At  other  initial 
conditions  are  possible  more  complicated  moremonts  of  the  system  (fig*^).  at  which  tha 
time  of  searching  for  the  extremim  will  be  greater.  This  is  also  due  to  the  effect  of  one 
of  the  channels  on  the  operation  of  the  other. 

A  considerable  improTement  in  the  operation  of  the  system  will  be  attained  when 
use  is  made  of  the  integral  law  of  control  (2).  In  fig»7  is  plotted  the  movement  of 
the  system  to  extreraun  for  wlous  laws  of  control,  wherefrom  it  is  evident,  that  tbs 
system  with  integral  law  of  control  is  mueb  faster. 

Comparison  of  the  obtained  results  with  the  results  of  applying  the  Gauss-Seidal 
method  show,  that  even  at  nMi-r<rrinm  negative  effect  of  the  initial  conditions  the  method 
of  searching  with  oultiple  intervals  of  change  in  the  controlling  effeots  will  he 
much  faster.  Experimental  data  and  numerical  examples  of  solving  eqiuations  (l)-(6) 
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Hg-at  eoatrol  Im  (1) 

?  at  control  law  (2) 
0 


4.12  2^  &.1  3,81  4,55  ’  4.9 


g  I  J  gg  I  I  2^  2.86 

Hm  affaet  of  the  rata  of  drift  oa  tba  arror  ^  will  ba  in  natura  tha  aaaw  as 
in  tba  aactraawl'Stap  ajrataa  with  ona  controlling  affaet  |V^«  At  givan  paraMtars  of 
tba  ayatam  tbara  ia  a  certain  critical  rata  of  drift  batCQ^,  gBoaiag,  at  ihicb  tba 
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system  oeasea  to  follow  (obserTs)  the  diaplaeetaeata  of  the  extreoua.  and  the  valna  ^ 
riaea  eentimoualy. 

InjjJ  were  brought  out  the  eorrelationa  for  parametric  values  of  the  8y8tea«at 
which  exactly  the  same  condition  originates.  The  characteristic  of  the  system  with 
two  control  effects  lies  in  the  fact,  that  on  account  of  the  mutual  influenee  of  the 
control  channels  the  system  stops  moving  after  the  extrenum  at  slightly  cpreater  than 
values  of  the  control  step  at  the  very  same  rates  of  drift* 

The  effect  of  control  step  value  on  %  !■  shown  in  fig*8.  The  dependence  of  ^ 

d 

*  Q2)  of  extremal  nature  .  The  minimum  value  ^  will  be  at  a  certain  value 

of  the  control  step*  Increases  a^d  email  deersases  in  zzaguitudu  of  control  step  lead 
to  a  rise  in  end  subsequent  reduction  in  will  lead  to  a  loss  i^porlcing ability  of 
the  system  ,  whan  the  extremal  system  does  not  move  elong  the  side  of  the  extremum*  but 
fluctuatea  (oscillates)  around  a  certain  central  position,  far  away  from  ths  sxtrsBum* 


Fig*^*Effect  of  control  step  on  the  val  Fig*9*Fffsct  of  control  step  on  value  ^ 
ue  &  at  constant  rates  of  drift  bete^  et  constant  rate  of  drift  xiiaecnet* 
conSt*  gammasednst, 

cz  I'control  lav  (l)t  2«  control  law  (2)* 
1<^  B  f(^  at  control  law  (l)i  2«  s 
f(Q)  at  control  lav  (2)* 

Considerable  general  improvaments  of  the  system  is  attaiusd  fay  applying  the 

Cr  * 

integral  lav  of  control |  the  error  decreases  by  2-3  timss  (ass  fig*B>* 

Calculations  and  sxperimants  showed,  that  during  the  seleetioii  of  the  magnitude 
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of  the  control  atep  for  giren  rataa  of  drift  It  la  possible  to  utilize  fonnulsa^*^, 
by  raising  the  valuea  obtained  from  them  by  lO^l^ti* 

Ve  shall  examine  the  influence  of  uniform  drift  >  X  ^  ^  perfonaanee  of  the 
systaa.  Sie  effect  of  drift  ^  %  n  on  the  extremal  step  system  with  one  control  effect 

was  inrestigated  inj^i  7J«  It  should  be  pointed  out*  that  in  the  system  with  two  con* 
tro&  effects  9^  >  f(Q)  we  will  hsTa  extremim  only  at  drifts  of  system  characteristioa 
along  the  side  of  the  extreauau 

The  dependence  of  upon  Q  is  given  in  fig*9  for  systems  with  two  control  laws* 

As  is  evident  from  fig*9»  the  system  with  control  law  Is  superior  only  at  small  0000 
trol  step  values.  The  optimum  value  of  the  control  step  should  be  selected  experimen¬ 
tally  or  hy  subsequent  approxifflations. 

Conclusions 

The  extremal  step  system  with  two  control  effecta  discussed  in  this  report  snd 
the  proposed  applications  of  the  multiple  intervals  method  assures  the  search  of  the 
extremim  at  limitations  for  the  moments  of  change  of  one  of  the  control  effecta 
with  lesser  errors,  than  the  solely  possible  in  this  case  method  of  Gauss-Saidal 
(at  multiplicity  eoafficients  K  •  3)* 

Of  the  inveatigpted  control  laws  advantageous  id  the  integral  law  (2)  at  which 
the  system  works  with  lesser  errors  Hp  and 

^parimeuts  and  calculations  confirmed  the  existence  of  optisum  values  of  control 
step  during  drifts  of  object  characteristics,  et  which  is  ndnimal. 

Literature 

1.  A . G. Ivakhnwko,  Technical  Cybernetica.Gostekhizdat  UkrS£R.Kiev.  1959 

2.  T.M.Kimtsaviob.  Certain  iToblems  of  the  Theory  of  Extremal  Step  type  Slysteme. 
Izveatiya  Akadamii  Hauk  SSSR.  Otd.Tekhn.Itouk.  Enargatika  i  Avtomatika  No.5.1960 

3.  A.A.7el'dbaum{  Computers  and  Autcoatic  Syataius.GITMLtMoseow  1958 

4.  R.l.Stakhovskiy.  Cn  the  comparison  of  Certain  Search  Methods  for  an  Autonatle 
Optimizer.  Collection  of  Reports  on  the  Theory  and  Application  of  Diaerata  Aa 
toemtie  Syatans.  lzdatel*8tvo  Akademii  Nauk  SSat.Moskva  1958 

5.  R.H.>jaemillan.  N.ujiees.Automatic  Control  Systems  (Part  2)  Broeess  Control 
and  Automation,  vol.7  Ho.U.Dacambar.'  i960 

6.  S.L.H.Clarke.Corraapondanoc.  Broeass  Control  and  Autoaatioa.vol.8.No.2.Bar.l96l» 

7*  B.YuJKandrovakiy-Sokolovi  Compering  Various  Eitramal  Control  Systems  of 


ITI>-TT-62-1521/i^ 


25 


Ckmtrolling  •  Uydra&luitori  Stable  and  I^namie  Working  Coaditiona  for  Controlling  a 
Uydrooionltor,  Ko.l.lTtooatika  No»5*19^1 

8.  B.Yu.MandroTSkiy-SokoloT.  Cooparing  various  ^trenal  Control  Syataan  for  Con 
trolling  a  Hydromonitor.  Report  presented  at  the  IZ  All  Union  Confer anea  on  ^ydreadnlac 
ZzdataI*8tTo  VHlIOiArougol' •  Ho%aKuznatsk, 

Sufacait  tad ,  Fa  br  1961 


Russian  and  English  auimiBrlaa  ineludad 


FTD-TT-te-ljai/l^ 


26 


On  the  theory  cf  Functional  Generatora 
with  Cathode  Ray  Aabes 

by 

O.I«B>treako 

In  This  report  is  discuaaed  the  problem  of  transfoTining  a  graphic  inage  of  an  analj. 
tical  or  exprerimentally  obtained  function  of  a  certain  Tariable  in  form  electric 
load  for  subse(i.uent  utilization  at  meaaureisenta  and  adjuatman.t.  of  Tarious  eqpiiment 
or  for  introduction  into  Toaputara« 

Am«rg  thedereloped  deTieea  probably  the  beat  knovn  one  ia  the  photo-former |i-l(^ 
where  the  ray  of  the  CRT,  which  is  utilized  aa  element  of  the  follow  up  ayatem,  runa 
along  the  edge  of  maak  profile,  of  the  maak  applied  to  the  acreen  of  the  tube,  Bw 
photo-former  can  be  used  whereTcr  it  is  intended  to  generate  electric  pulses  of  earn 
form  or  another,  but  basically  it  is  used  la  electron  modulating  deTiees.  Of  the  phot#* 
omter  is  than  required  an  accuracy  of  no  leas  then  0,5  -  1%#  «•  w®ll  •»  rapid  action* 
which  aaaurea  the  time  of  increase  of  the  output  load  of  not  more  than  U  of  the 
entire  tine  of  determination.  This  for  example,  at  a  determinat  ion  tine  of  10  msec 
requires  the  application  of  a  photofoorasr  with  a  pass  band  of  mora  than  5  ke|  for  a 
aatiafactory  repetition  of  results  the  IsTel  of  outpit  noise  should  be  60-80  db  of 
CUtpUt  amplitude, 

Eq\iationa  of  System  Statics 

of  Operation,  ^e  operation  of  the  photoformer  are  in  accordance  with  the 
following  principle.  In  front  of  the  screen  of  the  CRT  is  placed  a  mask,  the  profile 
of  which  is  nmda  ia  conformity  with  e  giTon  nonlinaar  dapendeneo  for  reprodue* 
tioa  (fig.l), 

lha  light  from  tha  apot  on  the  screen  through  en  optical  ayatem  goes  to  a  pbote- 
Bultlplier,  connected  orer  e  empllfier  to  the  Tertical-defleeting  plates  of  the  tube, 
Tb  the  Tsry  same  amplifier  arriwea  the  bias  load  Tq  neecseary  for  pra-adjoatmant  et 
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the  heaiB  (rajr)  along  the  so-eallad  aero  line  of  the  .photomultiplier,  which  is 
plaoed  much  higher  than  the  edge  of  the  mask  in  oase,  when  the  light  dees  net 
reach  the  photo  cathode.  On  the  horisontal-defleoting  plates  of  CBT  is  sitxiated 
the  enveloping  load 

The  closed  ring  of  sereen-photoanltiplier^-aaplifieivvartieal-defleoting  plates 
screen  form  an  electron-optioal  follow  system  (follow-op  system). 

The  polarity  of  the  oatput  amplifier  is  such  that  the  output  signal,  if  the 
photo  cathode  Is  illuminated,  tries  to  lower  the  spot, moving  same  in  direction 
of  the  mask.  When  approaching  the  edge  of  the  mask  further  lowering  of  the  ray 
causes  reductions  In  the  area  of  the  point,  which  is  illuminated  on  the  screen, 
and  together  with  it  also  reduction  in  photo  stream  of  the  photomultiplier,  that 
is  reduction  in  load  Tf,  which  is  on  the  amplifier. 

These  reductions  last  imtil,  when  the  difference  between  the  initial  values 
of  the  load  and  load  reduction  from  the  photo  stream  at  an  adopted  as^lifio^* 
tion  factor  will  assure  on  the  vertical-deflecting  plates  a  load,  necessary  for 
focusing  the  ray  (beam)  along  the  edge  of  the  mask.  If  the  load  7^  is  changed 
in  accordance  with  the  linear  law,  then  the  ray  envelopes  the  entire  profile  -of 
the  mask,  i.e.,  the  load  on  the  vertical-deflecting  plates  will  change  in  eon- 
formity  with  the  given  nonlinear  dependence. 


Fig.l  Blook-Siagnus  of  a  Photoformer  Pig.  2  Designations  of  Valu  U 

In  Figure  1  is  shown  a  tube  with  electrostatio  control,  that  is  why  sooh  a 
tube  can  be  utilised  with  magnetlo  deviations.  Bat  if  a  high  speed  value  is 
necessary,  a  tiibe  with  eleotrostatio  control  is  eonsidered  the  best. 
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Hm  spot  *runs*  over  the  seraeii  of  the  assk  alon^  the  streeb  of  the  useful  length 

of  the  scanner  on  the  screen  of  the  tube  ,  but  the  light  quantitf*  which  is  on  the 
jjhotocathode*  will  different  for  Tarious  positions  of  the  spot*  This  naans  •  that  a 
part  of  the  spot*  which  Is  eorared  by  the  nack*  oay  change  during  the  moreinaat  of  the 
ray,  and  the  error  of  the  output  signal  will  be  different  for  mrions  positions  of  tiia 
spot*  The  fact  Is*  the  edgeof  the  task  and  the  photcomltiplier  form  "error 
detector*  In  the  servo  system  of  the  photoformerm  l*e*thare  is  a  certain  error  signal* 
which  confrols  the  system*  However (it  Is*  as  a  rule*  small  in  relation  to  the  application 
of  a  sharp  feedback*  In  addition  to  this  error*  which  originates  from  the  very  mode 
of  operation  of  the  device*  there  are  also  other  errors*  which  are  eausedhy  the  impan- 
feet ion  of  the  ^'stem*  As  it  will  be  shown  later  on  *  in  principle  they  ean  be  elimi' 
natad* 

Linearity  conditions  of  the  system*.  We  will  assume  •turning  to  fig*2*  that 

the  spot  is  situated  over  1  above  the  zero  line  of  the  mask  (i*e*the  distance  between 

and 

the  zero  line  of  the  mask  the  zero  line  of  the  photosultiplier  e;^ls  1)  and  the 
positlon^f  the  line  are  such  *  at  which  its  part  Sj  (0  ^  covered  by  . 

the  mask* 

A  change  in  u  designates  the  amplitude  of  the  amplitude  of  the  function  in  mm,  and 

•  absolute  error  of  its  designations* 

To  continue  the  analysis*  it  Is  necessary  to  designate  the  value  of  the  undarkened 
part  of  spot  S*  the  light  of  which  affects  the  photooathode*  This  ean  be  dons  *wheai 
assuming*  that  either  the  spot  and  the  functional  mask  are  situated  in  one  area*whieh 
is  only  the  light  ray*  perpendicular  to  the  sask*  may  reach  the  photoeathode.In  prae-’ 
tiea  such  assumption  will  bs  valid*  if  tba  paralaz  of  the  optical  aystsm  is  made 
small* 

The  spot  is  eharsetarizsd  by  a  ear  tain  distribution  of  lig^t  intsnsity*  If  it 
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is  veil  focusad,  then  this  distribution  has  an  annular  aymastry  and  its  most  important 

eharacteristiea  will  ba  ths  msTlmiiB  hermstleity  of  ths  flow  J  and  the  radius  of  the 

^  ( 

spot  r,  ■ 

We  will  designate  the  radius  r  as  a  radius  of  ths  spot  with  intensity  7*.  which 
gires  the  wary  same  luaiinous  flux,  as  real  luminous  distribution.  The  mask  is  approzl- 
sated  with  a  strai^t  line  with  inclination  a«  aqiial  to  the  inclination  of  tha 
tangent  at  the  corresponding  point. 

As  is  known,  the  area  of  the  segnent  aqiials 

5r  =  ^(3  — s‘n?)-  '>• 

jqi  ~  -  TY  -  ' 

introducing  designations  A7  ^  cos  A  and  cos  2  >  r  -  Z  (fig.2)  wa  will  finally 
obtain 

ST==‘r*{aTcs\nVT^Z--Z]'T^Z^.  (_>» 


The  area  of  the  uxidarkanad  part,  standardized  with  respect  to  the  area  of  tha  spot. 
6(iaals 


U. 


— ^=1-  '  (arcslnKl -P-Z\'\  -Z*). 


CH 


itr* 


A  painstaking  analysis  (fig.3)  shows,  that  this  dependence  can  ba  approximated 

-L./  ^ 

by  a  straight  line  in  the  zone  •  2  S  S  ^  2  . 

We  will  arrive  to  the  vary  eonclution.  if  wa  will  discussed  other  apprazimations. 
when  the  mask  is  appraximated  in  such  a  rinf  in  radius,  as  vail  as  the  radius  of 
curvature  in  the  corresponding  point,  and  the  distributioi^f  'the  luminous 

a  spot  is  subject  to  the  normal  law  of  Gauss  distribution  with  dispersion,  eqtmlling 
to  the  radius  • 

In  this  way.  in  the  main  general  case 
the -dependence  U  »  f(Z)  can  be  approxima 


ted  by  a  straight  line 

(/-y.+mZ 


(I) 


Fig.3«Linear  approximation  of  nonlinear 
dependenoa  U  ■  f(z). 


in  the  zonafs^^  2  .  for  which  is  eorrespoxidingly  4  "^U<'  4  •  if  Uq  ■  0*5  nnd 
a  «  0»5.  It  means  that  tha  real  nonlinear  system  is  approximated  by  tha  linear  dapand- 
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enoe  In  United  none,  which  is  accepted  for  effeotlTS. 

On  the  other  side,  |2|  — jlj  — 1, 

hence  the  absolute  error  has  the  fom  of 

(5) 

from  the  later  expression,  is  individually  evident i 

a)  the  better  the  rays  are  focussed  and  lesser  the  dinsnsion  of  the  spot  of 
the  CBT,  the  smaller  is  the  absolute  errors  of  reproduotioni 

b)  the  greater  the  angle  of  inclinations  of  the  mask,  the  greater  is  the  errors. 
This  points  toward  the  fact,  that  when  trying  to  generate  high  frequency  in  the 
performance  of  the  system,  creates  additional  difficulties  and  errors| 

o)  and  finally,  the  value  of  the  absolute  error  does  not  depend  upon  the 
value  of  the  very  ordinate  of  the  y  function. 

Introduction  of  the  basic  equations  of  the  system.  When  formulating  the  bMio 
equations  of  the  photoformer  system,  we  nust  not  forget  that  the  ring  of  the  feed¬ 
back  is  made  for  the  stable  of  the  flow.  Thider  the  action  of  the  spot  in  the 
sero  linear  of  the  photomultiplioation  decreases  downward  of  the  edge  oIt  the  mask, 
i.e,,  in  conformity  of  Figure  l._ 

UK~l-\f-Ay,  (6> 

where  K  [mm]  -  general  ooeffioient  of  the  general  transformation  system,  in  general 

oase  equal  to  the  product  of  three  multiples. 

K^K,K^y  ’  (7) 

The  first  multiple  K.,  is  equal 

(«) 

is  the  ooeffioient  of  aunplifioation  of  transformation  of  the  position  of  the  ray 
in  the  eleotrio  signal.  Here  F  stream  of  light,  whioh  affeots  the  photo- 
oathode  of  photomultiplier,  d  sensitivity  of  photooathode  of  photomultiplier, 

-ooeffioient.  of  amplification  of  photoaiq>lifier  along  the  stream,  Sf  -  anotio 

intension  of  photoamplifier,  1^2  **  ooeffioient  of  amplification  of  the  applied 
electron  amplifier,  and  is  designated  by  the  ooeffioient  of  aBq>lifioation  of 
the  transformation  of  the  eleotrio  signal  in  the  displaoement  of  tbs  stream, 
i.e.,  the  sensitivity  of  plates  with  [  ■■  '  3  of  a  C0. 
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•long  the  etream*  Rf  •  anotie  IntenBion  of  photoamplifior,  •  eoafficient  of  amplifiea-' 
tion  of  the  applied  alaetron  anpllfler,  and  1^  is  dealgnated  bx  tha  eoafficlant  of 

aniplifieatioB  of  the  transformation  of  the  alaetrie  signal  in  tha  displaeamant  of  tha 

Emm 

_ ,  _  6  -J  of  a  CRT* 

Siibstitutlng  (4)  in  (6)  and  figuring*  that 
-rx-"'*-  —yf  iSj  cos  a*  i.a^CU^  ♦  r  ^ )  K  ■  1  - 

y  -  Ay,  wa  will  obtain  a  tana  for  absoluta 


Flg*it.Block»dlagraia  of  a  follow-up  error  of  tha  systaa- 
rystan  of  a  photoformar  y  — Z  + 

In  Tiew  of  tiiS  fact*  that  the  zero  line  of  the  nask  is  our  coordinate  hight*  then 
it  is  desired,  that  at  y  >  0  there  should  be  no  errors,  l*e*^y  =  0.  As  is  ewidant  from 
(9)*  this  is  attained  by  a  certain  selection  of  load  of  initial  displaceoent  of  tha 


spot,  namely 


•  r  “  c  ' 


Ibe  initial  establishment  of  the  stream  with  the  aid  of  simple  limitation  can  be 
done  automatically* 

'ihen  realizing  condition  (10)  the  expression  for  the  relative  error  is  simplified 


into  form 


_ 1 _ 

y  n-^!!^cose 

r 


On  the  basis  of  the  latter  expression  the  photoformar  can  be  represented  by  a  block 

diagram  of  a  simple  follow  up  system  with  one  hundred  percent  feedback  and  amplifi- 

mg 

cation  coefficient  of  open  ring*  e^jualling  A  «  r  oosqc  (fig*4)*  Id  conformity  with  this 
block  diagram  the  general  deviations  of  the  spot  frcis  the  zero  line  of  the  mask, 

which  is  designated  by  the  output  of  the  follow  up  system,  equals 

m/f  . 

.  — cosa 

^  I+— cosa 

and  tha  output  load,  which  ehangaa  ftca  plata 


Thaaa  are  tha  static  agpetions  of  the  photofannar. 
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Si^Dal  to  Noiaw  RotiM  and  Caaponanta  of  tho  gonaral  Error  of  tha  DsTiea* 

It  la  Tery  iB^portaat,  that  tha  noiaa  laTal  at  tha  outfit  of  tha  photofoormar  should 
ba  low.  Ttxe  aTailablo  lasol  of  noisa  and  tha  natura  of  the  latter  ones  nay  bo  dlridad 
into  such  cproupss  j 

a)  the  noise  of  a  photcnnl tiplier ,  which  ia  tha  basic  fcrm  of  noisa  at  tha  output 
and  bears  the  nature  of  aaiplitada  ■odulatjoni 

b)  changes  in  Intensity  of  screen  illusiination«  first  of  all,  through  actual  loads 

of  the  tube*  which  frodnea  the  noise  eonponant  mainly  with  a  frequeney  of  50  e»  on  tha 
other  hand,  throu^  tha  heterogeneity  of  screen  lundnhxikota.  for  example,  at  dsTiations 
of  the  order  of  ±  35  ^  erident  a  noticeable  unfoeusing  of  the  ray,  in  connection 

with  which  tha  dimaasions  and  intensity  of  the  lominons  spot  changes  with  tha  length 
of  tha  scanning. 


To  additional  error  sonrcaa  can  be  referred  the:  nonlinearity  of  tha  output  char* 
aeteriatia  of  tha  deflecting  plates  of  tha  tube,  inaccuracies  in  tha  preparation  of 
the  mask,  errors  in  <vtieal  syster,  changes  in  coefficient  of  aj^plifieation  by  tha 
current  of  the  photoailtipliar  in  time,  drift  of  zero  and  so  on. 

It  was  shown  czpsriBsntally  that  the  most  ijsportant  of  these  is  the  noisa  of  tha 
photonultiplier  andebaagasin  luminotdty  intensity  of  the  screen.  The  latter  can  ba 
reduced  considerably  when  actiwating  the  tube  with  stabilized  loas  sources,  and  al» 
so  by  applying  a  local  narrow  hand  ring  of  feedback  froo  the  output  of  the  additional 
element,  situated  between  aeraen  and  nask,  on  the  control  grid  of  the  tuba  ,  which 
controls  the  luminosity,  aa  result  of  which  the  luminous  intensity  of  tha  spot  oan 
ba  stabilized  with  liadts  of  ±  IX, 

Ve  will  diseuas  aora  definite  noisa  of  the  rery  photonultiplier.  As  is  sTidant 
the  signal-noiaa  ratios  for  the  stream  of  tha  photocathode  are  daaig^ttd  by  . 
axprasaioa 


i-/ 


(14) 
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I  I 

where  I  and  Iv  *  respectively  the  mean  values  of  tbs  useful  signal  and  the  dark 

86r  *  j 

current  of  the  photomultiplier,  A  f  •  frequency  band  pass  of  the  system* 

'  I 

Expression  (14)  shows  that  the  slgnal/noise  ratios  is  greater  at  higher  signal 

I 

current,  in  spite  of  the  fact,  that  the  absolute  value  of  noise  rises.  Another  factor 
under  the  sign  of  the  radical  considers  the  decreases  in  signal/noise  ratio  througit 
the  dark  current.  | 

In  accordance  with  the  previously  introduced  designations  and  during 

their  changes  in  the  range  oo  expression  (14)  is  changed  Into  form  of 

=  (0.7  -  1.0)]/^  =  (0.7- 1.0)  (15) 

This  tern  is  valid  for  the  photocathode,  in  the  anode  ring  it  will  be  different  due 
to  the  fluctuation  of  the  coefficient  of  secondary  diode  emission.  Idaxioum  reduction 
cen  be  of  the  order  3  •  i 

For  reliable  operation  of  the  system  it  is  necess  ry  to  have  certain  signal/noise 

ratios  (of  the  order  of  8>I0},  which  imposes  conditions  as  during  the  selction  of  loads 

\ 

and  working  condition  of  the  photomultiplier,  as  well  as  on  the  frequency  char¬ 
acter  Istic  of  the  equipment.  The  noise  intensity  at  the  output  of  the  pbotofcnDer 
equals 


l-f  i4 


(lb) 


where  the  coefficient  of  noise  Intensity  amplification  was  taken  for  a  closed  system. 

gg 

Taking  into  consideration  that  A  =  r  co8C([.^l  and  utilirsing  expressions  for  S 
and  IgQp,  we  will  finally  obtain 


r  0jt 


(17) 


cm  cos  a 

In  this  way,  the  higher  the  sensitivity  of  the  photomultiplier  and  the  jester  the 
luminous  stream,  which  reaches  the  photo  oatboda,  the  gpreater  are  the  signal-xioisa 

-  -  *  I 

ratios  and  the  lesser'  is  the  noise  intensi^  et  the  output.  Cn  the  basis  of  (13)  and 


(17)  wa  obtain  a  corresponding  expression  I 


V  my 


- —  V^- 

cos  a  I  0,9 


(18) 


;  rir.'7£ 
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wher*  it  is  the  calculated  parameter*  I 

I  '  I 

Minijiiuii  light  stream  of  the  spot.  Ve  yill  find  the  mininum  yalue  of  the  light  stream, 

I 

which  gives  the  necessary  signs l/noise  ratios  at  given  band  pass 
It  is  evident  from  (18)  that  I 

i 

But  the  current,  which  reaches  the  photomiltiplier ,  is  only  part  of  the  general 
current  irradiated  by  the  spot  of  the  electron  ray  tube  ERT  and  weakened  by 

the  eage  of  the  opaiiue  cask,  optical  system,  and  also  oy  the  non->confoannlty  in  spectral 
ratio  of  the  emission  nainire  of  the  luminophore  and  spectral  characteristic  of  photon 
multiplier,  that  la 


<t>.=UTk0^ 


(20) 


In  this  term  T  -  transmission  coefficient  of  optical  system,  k  -coefficient  of  inter¬ 
relation  of  spectral  characteristics,  which  in  general  case  equals 


(_L.\  ^ 


(2I> 


X  p  \  V  '  ^ “•“C  /  ■* 

where  \  Pnwy  ;  -  respective  spectral  emissive  characteristic  of  the  luminophore,  Pj^ 

(5  > 

-  mazinu  light  current  per  unit  of  radiation  lenRth.lgma-rU  and(5n„.y  ~  respective  and 
mazimum  sensitivity  of  jhotocathode,  '  boundaries  of  emissivity  character* 

istics,  ' 

The  mazimum  value  of  the  light  current of  the  spot  is  measured  by  the  foctising 
of  the  ray,  accelerating  intensity,  type  of  luminophore,  its  effectiveness  and  mazi— 
nun  permissible  loads,  l,e,  by  the  selected  brightnesses  and  dimensions  of  the  spot 
magnitude  cjln*--  is  designated.  In  this  way,  equations  (20)  assist  in  the  selection  of 
the*  optical  syeteo,  ! 

Optical  system,  ^le  task  of  the  optical  system  is  to  reduce  the  parallax  (and 

_ r  I 

to  Justify  the  assumptions,  made  during  the  calculation  of  the  expression  for  U)  and 
transmission  of  nut'*"*™™  light  current  from  the  spot  on  the  screen  of  the  tube  to  tho 
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pbotooathode  whiob,  as  it  was  shown,  decreases  the  noise  level  at  the  output 
of  the  devlos. 

An  apparent  wajr  of  nullifying  the  parallax  lies  in  the  arrangement  of  the 
spot  (or  in  the  mentioned  image)  in  the  plane  of  the  functional  mask.  This  oan 
he  done  perhaps  ideally  in  the  system,  where  the  spot  is  focused  on  the  wwffk 
with  the  aid  of  a  lens  and  the  undarkened  light  from  the  latter  is  picked  up 
with  the  aid  of  another  condensation  lens  on  the  photooathode  (Figure  5a). 


Figure  5  -  Types  of  optical  systems;  a-tuhe;  h-mask;  e-"FZTP'| 
d-tube;  e-mask;  f-diaphragm. 

The  transmission  coefficient  of  such  a  system  for  a  single  optical  modifies* 

tion  equals  T  =  -[-\r,  (22 1 

\&\Fj  '  ' 

.  D 

Where  - respective  lens  aperature;  T’  -  transmission  coefficient  of  eondansa* 

tion  lenses,  which  is  characterized  by  losses  due  to  repulsion  and  absorption  in 
the  optics  and  it  equals  normally  0.75.  Practically  the  value  T  can  he  of  the 
order  of  (2-5)  .lO”^, 

The  disadvantage  of  such  a  system  is  its  high  sensitivity  as  to  the  disposition 
of  lenses. 

The  fact  is, there  is  no  real  necessity  for  removing  the  entire  parallax,heoause 
there  are  more  real  factors  which  bring  in  the  error. 

It  is  therefore  reasonable  to  try  a  simple  system  (Fig.  5b)  with  the  «k 
situated  directly  along  the  screen  of  the  tube,  for  which 


(23j 
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where  B  >  radius  of  the  dlajAiraga  along  the  iihotaailtipller»  F  -  focal  distance  of 

I 

the  lens*  I  . 

i  ! 

l/azir.'um  values  of  thepazallaz^Xt  v/hich  is  characterized  by  oaxlnum  angle  S  between 

f  ' 

the  optical  a^:ls  and  the  raylhn  the  screen*  which  passes  through  the  opening  of  the 
dlaphra^n*  equals  n 

x=/?tg8-p^,'  (21) 

where  p  -  distance  between  spot  and  functional  isask* 

By  a  coaproalse  solution  It  Is  possible  to  obtain  a  value  T  of  the  very  same  order 
as  in  the  system*  shown  in  flg.3a*  and  do  away  with  the  value  x*  which  can  be  disregarded. 
The  adjustments  of  the  system  in  this  case  ere  noncritleal. 

Dynamic  Characteristic  of  the  Device 

General  aspects.  V-'hen  discussing  the  dynamic  operational  conditio.i  of  the  device 
we  utilize  the  method  of  radical  (basic)  hodo^raph  and  the  analysis  of  distributing 
zeros  and  poles  of  the  transmission  function  of  the  system*  which  assures  six'ailtancous 
control  over  frequency  and  transient  character  istics  of  the  systam|^*  1^* 

At  the  beginning  we  sliall  establish  an  accurate  form  of  this  transmission  function. 

The  frequency«4ependent  member  is  introduced  thanks  to  the  luminophors  of  tube  screen. 

All  fluorescent  screens  have  a  certain  time  of  afterglow*  which  is  characterized  by 

) 

the  average  life  span  of  the  carrier  charges. 

In  consequence  of  the  afterglow  additionally  to  the  light  from  the  element  of 
the  screen,  which  is  being  irradiated  at  the  given  moment,  the  photoeathode  of  the 
photomultiplier  is  also  affected  by  the  light  from  the  point  of  the  screen,  which  has 
already  been  abandoned  by  the  ray.  A  highly  important  factor  is  the  fora  of  the  damp¬ 
ing  characteristio*  For  many  luminophorea  this  characteristic  is  subject  to  an  expo. 

nential  law  of 

20  db 

constant  time  T^tWhich  gives  a  drop  in  frequeivy  charaeteristlo  -  dek. 

Encountered  are  also  luminophorea  with  drop  in  illumination  govarned.  by  a 
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hyperboile  or  any  other  coiaplcx  lav,  which  is  oade  up  of  a  nuaber  of  exponents  tl7j. 

Tne  electron  pert  of  the  feedback  link,  which  cuts  in  ordinarily  one  or  two 
anplif leation  cascades  (stages),  brings  in  its  time  constant  Tp.  but  for  the  most  part 

T,<T..  (25) 

Considering  the  above  stated,  the  an.  liflcation  coefficient  of  the  open  link 


equals 


A  = 


(26) 


Tae  basic  equations  of  the  photoforner  (15)  acquire  the  form  of 

.  _ I _ 1 


/=■ 

Where 

and 


+  ^  nr. I' 


2c«..= 


6»±} 

TJu 


TJ. 

mK  cos  a 
_  r 

'  t  j-7  ■ 


(27) 


(28) 


(29) 


As  is  evident  fronjll^the  frequency  as  well  as  the  transient  characteristic  of  such 
a  system  ara  fully  designatec  by  the  values and^,  which  characterize  the  parameters 
of  complex  poles  of  transmission  functions. 

For  example  the  band  pass  of  the  system,  which  is  designated  as  a  frequency,  at 
which  a  3  db  amplif ioatlon  is  lower  than  the  zero  frequency  amplification,  equals 

A/=2=-,V^1  -2?-f/2^45*4-4(«.  (30) 

At  zi^  0*707  the  frequency  characteristic  has  a  projection  (rise)  in  frequency 

(31) 


1 


equalling 

dl--  ^ _ 

In  the  latter  ease  the  transient  process  in  the  sj'stem  is  also  characterized  by 


(32) 
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conslderabla  oTereoatrol*  In  this  caso  the  half  period  of  oseillntioa  damping,  of 


oscillations  which  are  superinpoaad,  etjmaM 


'  1 


(33  ^ 


the  time  constant  of  their  attenuation  •  and  the  maximum  Talue  of  OTerregula— 

tion  with  respect  to  the  aiiu?lltude  of  the  ^aoual  input  function  has  the  form  of 

^  (34) 


In  inzaediate  systems  rapid  action  is  desig^nated  by  time  necessary  to  attain  at  the 
output  of  the  system  a  value*  which  differs  by  a  certain  percentage  from  the  stati¬ 
cal.  for  example,  a  difference  of  2%  between  the  mentioned  values  is  attained  within 


the  time 


t  >  4 


_1_ 


(35) 


Consaq,uently,  the  rapid  action  of  the  photoformer  system  according  to  (28)  and  (29) 
at  selected  valua  xi  ■  0.707  is  designated  by  the  tern 

y  aiK  cos  a 

Frequency  Characteristic  of  Ihotoformer.  In  a  real  photofarmer  the  verking  fre¬ 
quency  is  designated  not  by  expression  (30),  but  by  the  conditions  of  realizing  linear 
approximation  of  the  system |2^^2  , 

The  fact  is,  by  utilizing  expression  (11),  it  is  possible  to  writ* 


{  Ay  cos  a 


coss 


rO-hA)' 


(37) 


henca 


2 

y 


cos  a 


.  (38) 


Cistrlbution  of  zeros  and  poles  of  given  function  in  a  complex  area  is  shown 
in  fig,6,a.  As  is  svidont,  the  qlosest  to  the  origin  of  coordinates  is  zero  in  point 
T^l  it  will  charactorizo  the  bshaTior  of  the  system  at  lower  fraqaaneiose 
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Because  of  the  fact*  that  the  analytical  expressloa  for  the  frequexiey  character- 
istic  in  this  case  is  very  complex  wc  will  construct  an  esj-mptotic  frequency  char” 


acteristic  of  the  entire  system,  applying  the  law,  that  zros  give  a  raise  in  the 
20db  4Wh 

characteristics  of  dek  ,  and  complex  poles  a  reduction  by  -  dek  at  a  frequencyijA^. 

The  general  fom  of  such  characteristic  is  shown  in  fig,6  b. 


In  the  Eost  complex  case  y  =  i  7™.-  characteristic  can  be  utilized  only  below 
■ Z  !  - 


the  line  i  Y 


- 


which  takes  place  at  a  frequency 
^‘'“2-7/2  iW.’ 

if  both  time  constants  Tg  and  Tjl  are  separated  considerably 


(39); 


Fig,6,aistribution  of  zeros  and  poles  for  function  (38)  and  approKlmate  form  of 
frequency  characteristic, 

ng 

Taking  into  consideration  (11)  and  (3)  at  a  condition,  that  m=  0,5  and  r  cos 

1,  expression  (39)  is  reduced  into  simple  for* 

f _ L_  (40) 

~  2sT.  ■ 

In  this  way,  the  frequency  range  of  linear  operation  of  the  system  f^  is  chsrae. 
terized  by  maximum  time  stability  in  the  system. 

This  frequency  range  should  not  bo  mixed  up  with  band  pass  (30),  which  designates 

the  rate  of  transient  processes  in  the  sydteiB. 

1 

'Jhen  frequencies  are  greater  than  f^,  during  the  rejroduction  appear  nonlinear 
distortions,  causing  "cut  offs*  of  varicus  parts  of  the  functional  nask. 
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Vhan  eonstructing  a  photoforoer  the  value*  Tp  and  K  are  sdleeted  so*that  the 

system  should  be  linear}  the  time  of  rapid  action  is  short}  the  noise  level  charaoter- 

:  '  ' 

ized  by  the  band  pass,  oodorate,  not  affecting  the  capability  of  the  spot  to  track 
the  profile  of  the  maska  | 

Further  reduction  in  the  noise  level  is  attained  by  placing  a  filter  behind  the 
fee^iback  link,  i.e.  at  the  cutput  contour* 

Compensating  the  effector  the  screen's  afterglow.  Known  methods  of  improving 
the  characteristics  of  Ir^^ijediate  s;;,-steita  for  the  photofoonoer  allow  to  increase 
its  rapid  action,  but  do  not  affect  the  frequency  range  of  the  linear  operation  of 
the  system, 

Possible  solutions  are  the  introduction  into  the  transmission  function  of  an  open 

20db 

system  of  quadripoles  with  frequency  characteristic,  which  grows  with  the  rate  dek, 
which  in  the  complex  area  corresponds  to  the  introduction  of  *zero*,  ccopensating  the 
undesired  pole  for  the  effect  of  screen's  afterglow* 

fractically  this  can  be  easily  determined  by  means  of  the  cascade  fig*7  oriented 
directly  behind  the  phota^rltiplier  v/bicb  has  in  the  cathode  ring  an  BC-linkage  of 
constant  time,  v.’hich  equals  exactly  7^, 

As  a  matter  of  fact,  the  amplification  factor  of  such  cascade  upon  the  fulfillment 
of  coridition  1  in  the  entire  frequency  range,  which  interests  us,eqgiials 

=  (41) 

v.'e  shall  briefly  examine  ,  how  the  compensation,  which  is  being  introduced,  affects 
the  signal/noisa  ratio 

!  ■  .  ■  ^ 
i 

See  Page  41s  for  Pigurss  7-8 
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Cirouit  of  Compansatioa 

Caseado 


PIO.  8  Formation  of  "Hoiso  Cfclitora^ 
tion"  When  Spot  Changes  F^oa 
White  to  Blaek 
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,  FIRST  LINE  OF  TEYT  ! 

!  I  I 

First  of  all,  noises,  which  are  characterized  by  an  iate^ral  speetnun,  are  amplified 

I  I 

by  the  compensation  eascada,  which  has  an.  amplification  factor,  {proving  with  frequency 

proportional  with  the  -term'fl  ♦«»>*“  1?  •  I 

!  .  ■  .1 

For  the  noise  stream  of  the  photoeathode  we  will  obtain  a  new  expression 

I  _____ 

1  (42) 

I 

where  the  frequency  f^,,^  designates  the  band  pass  of  the  system.  At  f^^l^  ^  1  the 

_ _ __j _  • 

signal  to  impedance  ratto^ac^tiri^^the  form  of 

A, 


1 


tjef  1  I  /  letp 

2e\f 


(43) 


Another  undesired  consequence  of  compensation  is  the  so-called  phenanenon  of 

I 

"noise  obliteration  *•  v.lien  the  light  beam  passes  over  from  the  luminous  zone  into 
the  dark  one  as  results  of  screen's  afterglow  the  current  at  the  photcojultiplier  will 
decrease  exponentially  with  time  (flg,8,e),  the  noise  level  in  itself  decreases  (fig, 

8  b), 

With  the  aid  of  a  eocqiensaticin  cascade  is  r:  stored  the  form  of  the  signal  current 

I 

(fig,8b),but  the  noise  level  rezoains  unchanged  (fig.8  d).  Consequoztly  in  the  next 
Dcaaont  of  time  directly  behind  the  transition  of  the  ray  fresa  "white*  in  "black*,  the 

signal/noise  ratio  will  he  at  its  lowest  *(fis»8»e), 

i 

In  case  of  a  sharp  cha^iga  over  frcaa  "black"  to  "white*  we  will  obtain  a  reverse 

I 

effect;  for  the  initial  moment  the  signal/noise  ratio  will  be  maximum.  Ibis  is  especially 
isiportant  for  the  photoformer,  which  functions  with  a  mask  in  form  of  gpraph  lines 
on  paper  or  photo  film^;^  I 

The  appliectlon  of  a  tube  with  short  is  more  d-sirable  than  the  introdue-> 

i 

tion  of  a  eompensatioa  for  the  screen's  afterglow  effect, 

i  :  ' 

Requirements  for  elements  of  the  system 


“4 

-3 


The  given  analysis  allows  to  formulate  a  number  of  specific  requirements  relativs 

i 

to  the  selection  of  basic  elements  of  t|he  system, 

STOr  HEEE  'ST-'T  ^ 
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Cathode  Ray  ^be*  Tube  Is  the  nein  elecent  of  thu  erraogement  and  the  least 

'  !  ' 

accurate  part  of  the  system;  errors,  introduced  throu^  the  iinpcrfectioii  of  the  tube, 

I  I  i 

ere  not  removed  by  the  feedback  linkage.  The  most  important  dissdventage  of  the  tube 

is  the  nonlinearity  of  the  deflecting  ^stcm,  v’hich  appears  in  tha  change  of  scnsitlTltj 

I  : 

coefficient  along  the  length  of  the  screen. 

'  i 

This  drawback  can  be  removed  by  introdiusing  a  nonlinear  compensation  beyond  the 
feedback  llnkt  by  changing  the  scale  of  the  mask  or  by  applying  at  the.  input  a  cor¬ 
recting  ^;.ma*<ascade  with  corresponding  characteristics,  which  was  made  in  aoeordanoe 
with  the  principle  of  lump-linear  approccizaation  with  the  aid  of  diodes. 

.Another  important  characteristic  is  the  radius  pf  the  spot  r.  Since  the  feed  - 
hack  factor  of  the  system  is  Inver selor  proportional  r  (11),  and  the  noise  level  is 

directly  proportional  r  (l6),  it  is  thus  very  iiriportant  to  obtain  the  least  spot. 

* 

The  small  dimension  allows  the  spot  also  to  track  all  the  details  of  the  maaik. 

The  screen  should  be  flat  to  reduce  the  distance  between  spot  and  made,  and  of  course, 
of  the  parallax. 

As  pointed  out  before,  the  selection  of  the  type  of  luminophore  is  also  an  im¬ 
portant  factor.  On  one  hand,  the  amplification  factor  of  the  system  is  directly  pro- 
portinal  to  the  light  stream  from  the  scream  c|)^.y;  on  the  other  hand  -  the  noise  level 
is  inversely  proportional  Consequently  it  is  necessary  to  select  tubes  with 

greater  accelerating  intensity  and  high  effectiveness  of  the  screen.  In  addition, 
the  spectral  characteristics  of  the  screen: and  photomultiplier  must  be  eoBApatible 
and  the  screen* a  afterglow  time  •  short.  . 

I 

Il>st  suitable  for  this  purpose  are  tubes  I8LO47A,  13Ij0371'1,  13U)37A  and  others. 
Photomultipliers.  First  and  above  all,  'the  sensitivity  of  the  photocathode  should 
he  hi^  to  reduce  the  noise  level  and  to  obtain  a  high  signal/noise  ratio  (I4)  aod 

(i6)r^  1 

Hext,  the  photoeathode  should  be  in  one  plane  with  the  screen  and  the  area  of  the 

t 

cathode  should  be  sufficient  to  corer  the  opening  of  the  dlaphra^e  (fig,5 
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i  PR  ST  LINE  OP  TPy-r  I 

This  points  toward  the  advisability  of  utilizing  photomltipliera  of  end  typa 

'  i  I 

(rzO-25,  FSU-31,  PTJJ-35  and  others).  In  finally  to  raise  the  si0Qal/noise  ratio  the 

!  I  I 

dark  current  of  the  phot  emit  iplier  should  be  snail,  which  places  limitations  not  only 

I  I 

I  t 

on  the  selection  of  FBJ  but  also  on  the  requirements  as  to  its  arrangement t  anode  and 

diode  intensities  should  be  properly  selected,  the  optical  system  and  ?HJ  should  be 

1  , 

well  screened,  the  photomltiplier  and  input  linkages  of  the  amplifier  distributed 

;  i 

in  an  electromagnetic  screen.  As  aantioned,  ona  of  the  sources  of  the  common  error  of 

'  - 1 - 

the  installation  is  the'change  In  amplification  along  the  current  of  the  photomulti¬ 
plier  in  the  process  of  operation,  | 

] 

It  is  necessary  to  create  a  stabilization  scheme  maintaining  the  general  amplifi^ 

< 

cation  factor  within  intervals  of  10%  regardless  of  time. 

Functional  mask.  It  was  assumed  before  that  the  mask  is  exactly  the  necessary  thing 
for  the  reproduction  of  the  fimetion.  But  during  the  manufacture  of  same  there  arises 
a  series  of  difficulties.  First  of  all  is  solectecl  the  material  of  the  mask.  It  should 

I 

be  nontransparent,  easily  machineable  material  without  Jagged  edges  and  stable  to  teaqpar*- 

I 

tore  and  humidity  changes,  | 

Usually  black  paper  or  aquadag  is  used,  which  is  applied  directly  on  the  screen 

•  I  . 

of  the  tuba,  | 

I 

In  first  case  the  mask  is  cut  out  with  an  a  curacy  of  up  to  0,1  mm  which  gives  a  rela> 

» 

tive  errors  of  0.25X,  But,  if  the  mask  was  made  with  changed  scale  for  compensation 

I 

of  nonlinearity  of  the  deflecting  system,  then  the  requirements  for  same  are  increas¬ 
ing*  I 

The  best  method  of  manufacturing  the  mask  is  the  photographie  one,  when  a  picture 

I  • 

is*  taken  of  the  functioiv painted  beforehand  in  larger  aoala* 

- 5  1  ■  ■  5  , 

Error  compensation,  error  caused  by  tube,  can  be  attained  by  such  modification 

I  ' 

of  the  coordinate  system  of  the  mask,  which  corresponds  to  the  reproduction  of  the  image, 

- - 0  I  .  . 

which  is  brought  in  hgr  ths  tubs,But  such  a  mask  can  be  used  only  vith  that  particular 


tuba*  ,0 


STOP  HEPE 


-Mk. 
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For  th«  possibility  of  rapidly  cbangiag  the  function  during  tha  operation  a  ao-callad 

i 

controlled  iiesk  was  proposed  111,  l^I*  which  represents  a  rubber  bar  on  adjusted  stret* 

!  I  ^  I 

ehorst  I 

‘  I 

Example  of  Calculation.  It  is  tiecessarj^  to  built  a  photofonoer  with  an  accuracy 


of  2%  in  amplitude  and  1%  in  time. 

I 

Total  time  equals  10  microaeconds.which  stipulates  a  rapid  action  system  of  100 
ndcrosee. 


Output  Toltage  50  noise  lerel  lesser  - than  60-srr. - 

~'-i' Li:,z 

First  we  select  tube  131037A  with  2%  linearity  of  deflecting  system  and  90®i3* 
angle  between  the  lines,  ^e  luminophore  of  the  screen  of  type  A  has  spectral  emissi- 
vity  in  the  range  of  4OOO-6OOO  £  with  zimxiuum  at  4300  £• 

Afterglow  time  last  for  50  mlcrosec.  sensitivity  of  deflecting  plates  e  *  0.37 

ias/'f»  I 


Vdien  the  load  on  the  third  anode  »  3  ]cr  the  current  of  the  screen  becoaes 
90  mka;  the  radius  of  the  spot  equals  0.5  nm.  which  assures  a  li^t  stream m 
10*^  lum. 

Next,  we  select  the  photonailtiplier  FSU-24  with  and  type  flat  cathode  with  photo» 
cathode  sensitivity  »  25  Ucroamp/lum.  | 

Ihe  zone  of  spectral  characteristic  is  in  tho  range  of  3000>6000  &  wit]|  maxixmim 
of  more  than  4IOO  £«  the  conformity  coefficient  of  spectral  and  etiission  character^ 
istica  is  approximately  equal  to  k  >  0.88. 

i 

•7 

Hie  dark  current  of  the  photomultiplier  equals  5*^0  sbV  Bt  an  anode  load  of  I8OO 
total  amplification  of  current  is  a^pr CKimately  3*10^.  | 

The  mean  current  at  the  output  laver  “  ^3^  microamp  at  an  anode  load  *  5^  ^  | 

On  the  basis  of  the  naoessary  output  signal  amplitude  and  eanaitlvity  of  the 

I  ' 

I 

deflecting  plateSf  wa  evaluate  the  dijoensloa  of  the  maskt 

7  '  ■  ' 

y  »  9^  50  •  0*37  18«5  \ 

Hirough  the  curvature  of  tuba  screen  the  useful  plana  area  of  ths  latter  is  lint*  \| 
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f  r,  7"  -rr-^T  * 

ted  to  23>30  im  in  Tertical  and  30**40  ^  horizontal* 

i 

Fl^urln^;  in  the  transmission  coefficient  of  the  disconnecting  eatiiode  repeater*  ve 

AZ. 

select  s  20  nm*  According  to  (II)  as  the  given  relative  error  j  »  0*02  ve  will 

designate  Ao=49*  which  at  r  >  0*3  nsn,  m  «  0*3  and  cos  ^  >  0*23  gives  a  value  K  >■  196* 

The  light  stream*  reaching  the  photocathode  and  assuring  the  selected  condition 

I  ^aver  .4 

of  the  photomultiplier*  eg]ual&Cp  "  fftyx  ‘  3*3*10  Im*  then  the  transmission  eoeffi<- 

I  *  '  '  cUj 

cient  of  the  optical  system  is  designateu  as  T  ®  7»6»10"^  at  U ';si0,5* 

When  selecting  the  optical  system  fig«3*^  £>t  a  distance  between  screen  and 

mask  of  p  s  2  mm  ve  will  obtains  F  b  ho  cm,  R  a  g  cm  and  maximum  error  of  parallax 
X  »  0*1  mo* 

Due  to  the  fact*  that  E  -  laver^^^^’*  find  the  value  of  the  amplification 
coefficient  of  the  electronic  part  of  the  system  38* 

The  frequency  rsuige  of  the  arrangement  according  to  (39)  e^ials 

,  mK  1  o  . 

*  2y*„*  2cr,  *‘♦•44 

It  is  desired  that  the  electron  part  of  the  arrangement  should  have  no  smaller 
band  pass*  which  designates  the  value  of  the  time  consent 

T„  ^  ? —  =  20  MKCCK.  45 

2n/* 

J 

At  such  selection  of  Tp  according  to  forcaxla  (36)  we  will  obtain  the  rapidity  of 
tho  system  ao  26  miorosee*  | 

There  is  a  certain  reserve  which  a  Ileus  to  apply  at  the  input  a  filter  to  reduce 

noise*  the  level  of  which  according  to  (17)  and  according  to  given  values  equals  200 

i 

nnr* 

•  This  concludes  the  basic  calculation  of  the  photoformer.  Calculation  of  the  elee.> 
tronic  pert  is  more  simple;  especially  at  given  values  and  Tp  this  part  can  be  xoade 
with  the  aid  of  one  differentiation  easoade* 
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Sui^portlng  Struet\ire3  of  Irrigation  Cbannela 
as  Objects  of  Control 

,  »  •  _ 

by 

Ya.T.Dub 

Irrigation  systems  are  often  provided  with  suiporting  installations  for  the  pur-^ 
pose  of  maintaining  a  high  water  level  at  cortain  sections  of  the  channels  to  assure 
maximum  delivery  of  water  to  minor  channels.  To  fully  automate  irrigation  systons 
it  is  also  necessary  to  automate  these  installations.  Ihe  problem  here  is  to  automate 
the  control  of  the  water  level  at  the  upper  water  level  of  suppoting  structures.  To 
solve  this  problem  it  is  necessary  to  know  their  static  and  dynamic  qualities.  Irrigation 
channel  supports  are  formed  with  the  aid  of  sluice-gates,  similar  to  those  seen  at 
water  reservoirs  (main  installations)  channels. 

v<lien  the  water  flows  through  the  sluice-gate  openings  there  is  a  drop  in  water 
pressure,  the  magnitude  of  which  depends  upon  the  height  of  opening  the  sluice-gate 
and  loss  of  water.  A  change  in  height  of  sluice  gate  opening  of  the  supporting  struc¬ 
ture  has  practically  no  effect  on  the  magnitude  of  water  delivery  into  the  channels 
and  on  its  level  at  low  water  level  of  the  structure,  but  only  causes  a  change  in 
the  drop  and  water  level  at  the  upper  limit  of  the  structure.  Consequently,  the  support¬ 
ing  structure  can  be  considered  as  an  object  of  control,  for  which  the  input  value 
is  the  change  in  height  of  opening  the  sluice  gate,  and  the  output  value  -  the  change  in 
water  level  at  the  upper  boundary  of  the  structure. 

The  dynamic  properties  of  water  heads  as  objects  of  control  can  be  determined 
with  the  aid  of  known  hydraulic  dependences  and  electrohydrodynumlc  analogies ^1.2^ • 

The  electric  circuit,  analogous  to  the  supporting  structure,  consists  of  two  in-series 
connected  electric  transmission  lines  and  L2  (fig.l).  to  which  is  hooked  up  the 

voltage  source  E..  and  between  which  is  cut  in  in-serios  an  ohmic  resistor  R^.  DC* 
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current,  rediues  the  value  of  uater  delivery  into  the  channels  Qq.  In  the  drawing 
fig.l.  the  input  value  of  the  control  object  is  presented  by  the  change  in  resistanea 

I 

value  the  output  value  by  the  change  in  voltage  at  the  end  of  the  first  llha 
It  is  necessary  to  determine  the  transmission  and  transfer  function  of  the  control 
object.  For  this  we  must  determine  the  change  in  voltage  in  the  drawing  of  fig.l* 
caused  by  the  luiaven  change  in  resistance  R^  by  an  inconsiderate  value  6R<j.  for  exainpla 

I 

by  shunting  of  part  ^R^  of  resistance  (see  fig.l). 

It  the  time  of  the  transient  process  the  electric  power  transmission  line  vlthout 

L'' r  c- T'-rt.e 

windings  becomes  a  certain  transient  resistance  Z(p).  which  according  to}3'T  equals 


(1) 


rq_ 

where  rho  =y  C©  ,  a  =  2Lo  •  R©*  I-o*  ^o  "  allocated  parameters  of  the  line  (reapeetiiwljr 
resistance.  Inductance  and  capacitance);  p  •K^ifferuntiation  operator. 

At  the  initial  moment  of  the  transiant.  at  which  p^efi,  the  electric  line  ferns 
an  ohmic  resistance,  with  a  magnitude  q  and.  in  this  way.  at  an  uneven  change  in  zaagii* 
tude  of  resistance  R^  all  parameters  of  the  circuit  change  by  leaps  and  jumps.  Ihe 
equivalent  electric  circuit  for  this  case  is  shown  in  fig.2  and  its  consists  of  three 
in-serles  connected  resiatanees  R^,  rho^  and  rho2  through  which  passes  current  Iq. 

Index  1  pertains  to  the  upper  level,  index  2  •  to  the  lower. 

At  tlie  moment  of  closing  the  contact,  shunting  a  small  section  of  the  resistanea  »d. 
the  current  in  the  circuit  fig.2  changes  hy  leaps  and  Jumps  by  a  value 


(2) 


I 

( 

where  6^  ■  >  io4%*  (/^^O),  1 

-  •  -i-.  f,  i 

Ihe  change  in  voltage  in  this  circuit  is  determined  by  dspeadenees 


- ! 

_ n  ” _ 

S’^CP'HcrE 
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(3) 


I 


As, is  STldsnt  from  the  obtained  dependences  \ineven  increases  in  the  opening  of 

I  '  '  I  -  -  i 

sluice  gates  of  the  supporting  structure  causes  at  first  an  unsTen  reduction  in  water 
!  I 

level  in  the  low  boundaries*  and  vice  verM* 

i', 

I 


Figal  Equivalent  electric  circuit  for  supporting  structure 


Ut 

I 


/ 


Fig,2,Equivclent  electric  circuit  to  Flg,3,  Equivalent  electric  circuit  to  de— 

determine  changes  in  values  at  the  Ini^  termine  tr;:insmission  function  of  supporting 
tial  moment  of  the  transiei  t  process.  structure. 

To  determine  in  the  circuit  fig.l*  the  total  transient  process  after  shunting 

part  of  resistance  it  is  necessary  to  solve  the  problem  •  cutting  in  constant 

voltaga  to  the  circuit  with  in-series  connected  resistances  Zj^Cp)*  Z^Cp)  and 

Rd  (fi«.3). 

I 

The  term  for  the  current  in  operational  form  is 


1^. 


(«) 


ZAP)-T2’Ap)-r p,  j 

Taking  into  consideration  the  fact  that  we  are  interested  in  the  dynamic  characterise 
tie  of  the  control  object  in  the  initial  period  of  the  transient  process*  to  whieli 
high  values  of  operator  p  do  correspond  expression  (4)  can  be  changed  (modified)  bj 


approximation 

■ - 5  . 


1 - 3 

wbera 

-  - - 2 


.1/. 


(5) 


■') 

0 


(5«) 
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1  I 

/  ,,  l^.  aplutlon  of  ezfressioa  (5)  baa  thd  form  of 


I 


(5b) 


wb«ro  T  is  the  time  constant* 


I 


In  this  way*  at  the  bcfrinning  cf  the  transient  process  the  current  at  circuit 

I 

fig*3  changes  with  in  accordance  with  the  law,  close  to  exponential,  with  constant 


time 


f't  +  P;  ~r 


m 


Ti.e  change  In  Toltage  representing  the  output  value  ol  the  control  object, 

r"^  ST  Ut^E  OF  TlTLfi 

takes  place  after  the  initial  jump  also  with  exponential  dependence  with  such  time 

I 

{ 

constant  T. 

.  •  I 

After  the  transient  process  has  been  ccofleted  in  the  circuit- fig,l. is  restored 

) 

I 

the  initial  value  of  the  current  i^  and  voltage  13^,  and  voltage  Dj^  changes  by  a 

I 

value  -  >  igA  Consequently, the  transmission  function  of  the  supporting 

structure  with  sufficient  practical  accuracy  can  be  described  by  tera 


(7) 


rhoi  y 

where  A  «  rhoi  rno2*R^  and  T  is  calculated  by  foroula  (6),  Wii||that  fornula 

I 

we  receive  easily  the  transient  function,  which  has  the  form  of 

A  (f)  =  /C  [  1  -  (1  -  >1)  e~  =  /C  ( 1  - 

\  ?)+p2  +  ^l  J 

i  (  ■ 

Dependences  (7)  and  (8)  ere  identical  to  the  ones  obtained  by  us  previously [2]} 

I 

I 

for  mentioned  structures*  j 

Ihe  order  of  megnitudes,  uhich  are  included  in  dependences  (6}*(8),  oan  be  deter¬ 
mined  for  specific  structures,  by  substituting  in  the  fornula  analogous  hydraulic  valuM 
,  ’  I 

'and  their  known  numerical  values,  I 

On  the  basis  of  electrohydraulic  analogias]2')  wa  will  obtain  d.pendencas  - 

2t^ 

<2. 


I  _  JL  P  a  C  Pa 

f*  0*  1 


'-vh- 


whara  gamiaa-  specific  weight  of  water,  g  -  aeealeration  force  of  terrestrial  gravi- 


',r-  i.K: 
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tatioa*  >  area  of  lateral  cross  section  of  the  flcM  .  I  -  slope  of  free  surface  of 
water  (piezometric  slope),  Qq  -  restoration  of  delivery  value  in  channel,  B-width  of 

I 

water  stream  on  its  surface,  z-  difference  in  levels  between  upper  and  lower  boarders 
of  the  structure  (fig.4)«  : 

The  magnitude  of  the  slope  of  the  free  surface  at  the  upper  border,  where  irrupt* 
lar  movement  of  water  takes  place  ,  e(i.uals^l^ 


dr 


where  I  •>  inclination  of  cheanel  bottom,  1  -  distance  along  horizontal,  hr-depth  of 

'!*•$,  .-I.-  u-r  il'L'.  * 

stream. 

For  the  irregular  movement  of  the  liquid  accoding  can  be  written  a  differen¬ 

tial  equation 


dl 


.  'iiiai 
■■  '-(¥)■ 


(«0» 


where  Q^-actual  delivery  of  water  at  the  channel,  Q-delivery  which  eorresponds  to 
uniform  movement  of  the  liquid  at  the  channel  at  level  h;  hQ  er^foritioal^ig^t  of 
flow  at  delivery  , 


Fig,4«  Frlneipal  diagram  of  supporting  structure 
Taking  into  consideration  the  fact  that  for  o  majority  of  irrigation  channels  the 
dendnonator  of  term  (10)  is  close  to  unity  and  by  comparing  the  dependenees  (9)  end 
(10)  between  each  other,  we  will  obtain  a  term 

A=/.(|)’.  ('•> 

At  the  lov;er  herder  the  movement  of  the  water  is  uniform  and,  eonsoq^ently,  ^  ■ 
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Substituting  thesa  dapandeoees  la  foriaila  (6)  will  obtain  after  transforaa  a  tem 

I 

for  time  constant  of  supportiiig  struetureA 


(12) 


All  the  values,  included  in  foriroila  (12),  are  the  function  of  the  level  at  upper  bor¬ 
der  and  delivery  of  water  at  the  channel  9o*  Celculation  shows,  that  for  supporting 
structures,  mounted  on  Irrigation  ctaimela  of  trapezoidal  cross  section  of  mean  value, 
time  constants,  calculated  by  fonmila  (12),  have  an  order  of  frea  hundreds  to  thousands 
of  seconds. 

But  for  one  and  tlie  same  channel  they  change  to  considerable  extents.  At  ranges  of 
change  of  water  delivery  to  the  channel,  equalling  to  three,  the  tliae  constant  of  the 
object  can  change  by  tan  times  or  mere,  whereby  greater  values  correspond  to  lesser 
water  deliveries.  The  process  of  controlling  is  affected  by  value  A,  which  is  numerically 
equal  to  the  respective  magnitude  of  the  Jump  in  water  level  at  the  initial  motaent  of 
the  transient  process. 

It  is  evident  from  for.uula  (7)  that  the  value  A  is  of  maximum  importance  at  maxiuuM 
deliveries  of  water,  for  which  resistance  is  minlnum,  and  close  to  zero  at  minimum 
deliveries  of  water  into  the  channels*  '■ 

The  magnitude  of  the  amplification  factor  of  the  control  object  depex^s  also 
upon  the  condition  of  its  operation. 

The  range  of  its  change  can  be  determined  on  the  basis  of  the  hnown  dependenoa 
for  the  guard  openiag^^  < 

Q=.}iai»K2^,'  (13) 


where^-  coefficient  of  delivery,  a-beight  of  opening  the  sluice  gate}  b-<width  of 
sluide  gate  opening,  ^ 

...  ...  p  . 

Considering,  that  at  slight  deviations  from  equilibrium  state  the  coefficient 

I 

remains  unchanged  and  figuring,  that  after  ccmi<letion  of  the  trannlent  prooess  4 
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■  Of  vill  obtain 


Qo 

Az. 


Aa  .  1  Az. 

'7+5'“ 


=  A/r,, 


—  2z 


Aa. 


(14i 


vhere^Qc^,  and  •inserted  values  ^0,4  2  and  5!h^ 

On  the  basis  of  (14)  it  is  possible  to  write  the  dependence 


A'  =  K,-. 

a 


(15) 


To  deterciue  tha  rai^  cf  change  In  the  anplif ication  factor  K  it  is  necessary 

to  know,  hov;  the  delivery  coefficient  fi  changes  in  relation  to  the  parameters  of  sluice 

I  /2z\ 

gate  opening,  In|4*l  is'  given  the  dependence  tl  =  fl  a  1  the  sluice  gate  opening,  from 

2z 

which  it  is  evident,  that  for  very  small  values  of  the  parameter  a  the  coefficient (i 

2a  t 

is  close  to  one.  '</ith  a  rise  in  parameters  a  the  coefficient  decreases  and  goes 

2z 

down  to  a  value  of  0,62,  which  it  attains  already  practically  at  a  ^2,  To  ezanins 
the  boundary  conditions  of  the  operation  of  the  supporting  structure  wo  can  take 
the  ectresw  values  of  the  delivery  coeffieient,because  at  maximum  deliveries  a  It 

V 

and  at  minimum  ratios  a  2, 

Considering  from  formula  (13)  the  bei^^t  of  opening  the  sluice  gate  and  substi¬ 
tuting  same  in  (13)  and  taking  the  ratios  of  values  K  for  boundary  eases,  we  will  ob— 

I  • 

tain 


K 


(16) 


where  the  index  1  corresponds  to  maxlitum,  and  index  to  minimum  deliveries  of  water 
at  the  channel. 

If  the  rate  of  the  change  in  water  dellvory  at  the  channel  equals  three  and  the  drop 
thereat  changes  by  five  times, then  the  amplification  factor  of  the  object  on  the  basis 

of  (16)  changes  by  more  than  30  times,  ' 

! 

Approximate  calculations  show,  that  the  parameters  of  the  individual  supporting 
structures  do  change  in  very  broad  intervals.The  most  favorable  oonditioas  of 


i  V' 
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^of  controlling  the  water  level  in  the  upper  boundary  of  the  atrueture  correspond 

■  j  , 

to  the  passing  by  chennals  of  maxlmua  deliTeries*  In  this  case  the  time  constant  and, 
the  amplification  factor  of  the  object  have  nininaLT!  values,  and  the  parameter  A  - 
Dum.  With  reduction  in  water  delivery  at  the  channels  the  controlling  conditions 
worsen!  the  time  constant  and  the  amplification  factor  rise  sharply,  and  tbs  paranet^f:  ' . 

A  goes  straight  down  to  zero.Conseqtuantly,  at  minimum  water  deliveries  at  the  chana*l  ,-j 
the  supporting  structures  can  be  oohsidaredas  aperiodic  links, 
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.  F!F,sr  LINE  Or  TEXT 

!  I  I 

;  ! 

'  Static  Characteristics  of  AC  Throttle  DriTts 

:  I  .  :  '  • 

bX 

Yu.l-moZOT* 

The  results  of  laboratory  acd  Industrial  testing  of  asynchronous  throttle 

type  electric  drives  showed  tist  static  characteristics  of  drives  vith  throttle 

control  require  serious  study  and  radical  improvement  of  their  quality.  Statisa 
coefficients  because  of  different  troubles  for  throttle  type  drives  with  feedback  for 
speed  as  well  as  with  control  for  current  and  voltage  differentials^.  complex 

nonlinear  fxincticnsof  speed,  moment,  voltage  of  the  source  and  feedback  coefficients.  As  a 
rule  .  the  given  speed  of  a  motor  controlled  by  a  saturation  choke  is  realized  in 
one  point  only. 

The  accepted  and  relatively  simple  stetism  coefficients  of  a  throttle  type  driT# 
are  observed  during  change  in  load  and  voltage  moments  of  the  source  in  narrow  limits, 
whereby  with  the  reduction  in  the  established  speed  of  the  motor  these  limitation 
become  even  more  narrower. 

Throttle  drives  are  ordinarily  adjusted  to  a  certain  stable  load  characteristic 
of  the  object  and  do  nit  satisfy  the  requirements  of  'unstable  '  load<  with  a  reduc¬ 
tion  in  the  load  momoLt  the  speed  of  the  controlled  motor  rise  relative  to  the  given, 
and  at  a  rise  in  load  the  circuit  does  not  provide  the.  motor  with  overloading  ability 
-  it  looses  speed  and  at  sufficiently  high  overloads  it  may  stop  completely.  As  will 
be  shown  the  causa  for  tbase  shortcomings  of  throttle  type  drives  is  the  inoon^atlbil» 
ity'of  the  nonlinear  nature  of  a  controlled  motor  and  saturation  chbka  on  one  band,  and 
linear  correlations  in  feedback  wheel,  on  the  other.  . 

This  report  is  devoted  to  study  and  establishment  of  possibilities  of  improving 

AO“ 

the  static  characteristics  of  a  throttlej^pe  drive  with  control  of  ciirrcnt  and  volt" 
ags  differentials  (see  arrangement \l.  2])  and  with  utilization  of  a  rotor  of  an 
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•synehroncus  Dotor.  de'reIof«d  by  the  author  |3»^* 

Rough  natheaatieal  daaeriptlona  of  laws  gorerniQg  eleisents  of  throttle  drives 
differ  with  exceptional  eooplaxity.  Uuring  the  derivation  of  equations  for  saturation 
coil  aod  motor  with  induction  rotor  support*  which  correspond  with  praetiealreqiiilre - 
msnts  were  utilized  empirical  laws  of  eertain  sunciary  phyaicol  processes*  in  whieb 
participate  only  the  equivalent  paraoiaters  of  elements  and  the  basie  effects  in  the 
system  under  consideratioB* 

To  obtain  these  laws  vara  approximated  the  results  of  experimental  investigat ions 
of  throttle  drive  elements  under  real  working  eoodltionj|pf  the  saturation  coil  in  an 
asynchronous  motor  and  feeding  the  motor  from  the  saturation  coll*  Of  three  type  of 
trouble  inherent  to  throttle  drive  (loading  moment*  source  voltage  fluctuations  and 
thermal  change  of  parameters)  in  the  eqiaations  of  drive  elements  and  in  the  entire 
system  we  utilized  only  the  changes  in  load  BMnai.t  and  source  voltage  f  loeteatlon*  which 
are  the  besic  trouble  effects* 

In  the  throttle  drive  arrangezoent  the  asynchronous  motor*  being  alterxiatlng  by  the 
value  of  the  complex  support*  is  connected  to  the  sourre  through  the  ccmplex  alternat¬ 
ing  raaiatanoa  of  the  saturation  ooil.  nie  ccoponents  necessary  for  the  derivation 
of  equations  for  these  resistances  should  be  in  confocauity  with  the  accepted  numeri¬ 
cal  veetors  or  with  the  utilizations  of  the  theory  cf  functions  jof  complex  varishla* 

The  following  eons iderst ions  allow  to  oper¬ 
ate  with  aquations  of  alaii^nts  of  the  aystea 
with  considering  phase  displaeemsnt  of  voltages  ^ 
and  currents*  The  controlling  effect  in  the  sj 
Urn,  with  whieb  the  manent  of  the  motor  will 
be  deaignated*  is  the  load  (voltage)  magnl. 


tuda  on  its  stator*  As  shown,  by  investigations 


7ig*l*Vaetor  diagran  of  voltages  of  an  aC  the  magnitude  of  that  voltage  and  the  lsggii| 
throttle  drive* 
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of  the  motor's  voltage  Teeter  from  the  vcltnge  vector  of  the  source  are  synonyatously 
determiaed  by  the  correlatloa  a.r.s  of  choke  mefT^etizatioB  and  current  of  the  motor 
at  constant  value  of  source  voltage. 

Ve  shall  examine  the  vector  diagram  of 
motor  and  choke  voltages  for  a  single  phase 
(flg.l).  Transfers  of  vector  values  of 

23! 

source  voltage  on  the  vector  line  of  motor  19! 

iflj 

voltage  allow  to  determine  the  value 
by  a  simple  subtraction  from  source  voltage 
values  of  a  certain  fictitious  voltage  drop 
value  on  the  choke. 


(1) 

Tbnt  is 

7'  tm. 

(2) 

This  value  Is  a  fictitious  value  of 

Fig*2»^pendence  of  saturation  coil  resist- 
choke  resistanoe,  which,  fully  determined  anoe  upon  m.r.E.  of  magnatization  at  various 

current  loads.  I  -  0.3  2-0.5  Inos* 

by  the  magnetomotive  force  of  choke  aagne-3-0.7  IgciaJ  4-  0,9  5-  l.l 

6-  1»3  ^om* 

tlzation  and  the  current  of  the  motor 

(fig.2.).  fhase  displacement  of  motor  voltage  relative  to  source  voltage  O' does  not 
take  part  In  determining  the  moment  of  the  motor  and  that  is  why  it  is  of  no  Interest 
to  us.  Thi.  power  coefficient  of  the  motor  with  induction  support  at  various  speeds 
and  loads  changes  slightly,  and  it  can  be  considered  as  steble.  Consequently  on  the 
diagram  fig.l.  the  angle  ^  is  also  entirely  ietermlned  by  the  magnetic  state  of  the 
magnetic  drive  of  the  choke  ,  which  is  valid  in  expressione  (1).  (2)  and  can  be 
further  operated  with  scalar  values  . 

In  the  following  investigation  was  accepted  a  system  of  relative  units.  Ihe 
relative  units  are  given  in  table  1. 
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equal  vcltages  of  an  Fig»4»  Dependence  of  motor  moment  upon  * 
asynchronous  motor  with  induction  rotor  current  at  various  rates  of  rotation 

support.  1-  1200  rpnj  2  -  1000  rpm|  3-  800  rp,| 

1*1.0  Duqu}  2-0.9  ^noo*  3*0.8  Dqqbi  ij-  600  rpm;  3*  400  rpn{  6*  200  rpa. 

4*0,7  Onooi  5-0,6  Unojii  6-0,5  ^nom* 

7*0,4  unon,!  8*  0,3  9-  0,2  Oaon  In  conformity  with  the  stated  facts  tbs 

equations  of  elements  of  tie  system  will  be  written  in  form  of 


Aa? 

npHii>0lv>0,  (3) 

p-=(fl+Dv*)u„_C,  (4) 

C„-£+fv*-Ou„,  ^5^ 

aw':-N»„  "P"  (6) 

(7) 

(8) 
(9) 


Equations  (3)  were  obtained  by  approximating  the  experitoental  dependtnee  ,  sbowa 
in  fig,3(  which  is  presented  by  the  Imown  die^am  of  voltage  equations  in  the 
‘speed  -  moment  *  axes.  Curves  of  equal  voltages  are  approximated  by  quarters  of 
ellipses,  Ibe  coefficient  A  depends  upon  the  ratio  of  the  support  of  rotor  phase  of 
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controlled  motor  and  the  parameters  of  the  induction  additional  support  at  the 
rotor  wheel. 

Equations  (4)  are  the  result  of  approximation  of  experimental  dependence  of 
motor  moment  upon  the  rate  of  rotation  (rpm)  and  the  current  of  the  motor  (Fiff.d)* 

TiBLS  1 

STSTEH  OP  SEUTIT8  IflnTS 


RELATIVE  VALUE 


DESIGNATION 


RATIO 


REFERRED  TO 


Source  voltage 

Uotor  voltage 

Hot  or  oiirrent 

/  TniT  ita-^rt. 

'jIt.  noM 

Absolute  equivalent  of 
motor  resistance 

Z 

MOM 

Absolute  fictitious 
choke  resistance 

Rotor  rpm 

V 

n 

M 

Uoment  of  motor 

JX 

M.r.s.  of  choke  magnet isa- 

tion  (ampere-tums  of  DC 
current ) 

ate  2 

aw,  ^  a. 

Relative  coefficient  of 
current  feedback 

“a,  “  »»-. 

Relative  coefficient  of 

•« 

»r, 

voltage  feedback 

D|l  „gj,-rated  source 
voltage 

^mot,non“*“*t®4  motor 
Tolta^e 

W.non“**»t®<»  “tor 
current 

2mot.nom-no“in*l  ahsolute 
equivalent  resistance  of 
motor  phases 

"mot.nom  - 


Pmot.nom 

^mot.noB 


n^  -  sTnehroneous  rate  of 
rotation  of  motor 

-  rated  moment  of  motor 

dV mq  -  ffl.r.s.  of  magnetisa¬ 
tion  which  corresponds  to 
praotioallT  total  saturation 
of  choke 


In  essence, these  are  equations  of  known  curves  of  equal  o\irrents  [l].  Expression 
(5)  characterises  the  change  of  equivalent  motor  support,  which  are  executed  "bj  the 
parameters  of  the  motor  and  e.r.s.  of  rotation,  depending  upon  the  rate  of  rotation 
and  the  current  of  the  motor  (Fig.  5)«  The  oonstant  coefficients  B,C,D,B,F  and  0 
are  also  determined  by  the  ratios  of  the  induction  parameters  of  the  rotor  support 
and  the  rotor  itself. 

The  dependence  of  the  "fiotitious"  support  of  the  saturation  ooil  upon  m.r.s. 
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cf  aagaetlzatioa  aad  current  load  la  described  by  equation  (6)  vliieb  approximtas  eurres 
fig«2»  Equation  (7)  is  tbc  law  of  controlling  the  system.  Term  (8)oharaoterieed  the  depsndp 
enoe  of  motor  Toltage  upon  source  Toltagc  &Qd  fictitious  Toltage  drop  on  the  choke* 
Equation  (9)  links  Toltage.  current  and  total  equivalent  resistance  of  the  motor. 

Equations  of  static  characteristic  of  throttle  drive*  which  forms  the  function  of 


the  output  coordinate  (speed )  of  disturbances  (moment  of  load yU,  and  source  volt** 
age  ^  •  ean  be  obtained  by  exclusion  of  intermediate  variables  ^\not'  ^'^*mot* 

Ihe  transform  of  the  system  of  equations  (3)  >  (9)  leads  to  aquationsof  sixth  po¬ 


wer*  which  in  turn  by  substitution  leads  to  a  cubical  equation  with  coefficients  in 


fonsof  multlmembered.  The  derivation  of  equation  and  its  roots  is  vary  difficult*  they 
do  not  submit  to  true  simplification  and  are  not  mentioned  in  this  report.^iore  simple 
equations  of  static  characteristic  of  the  system  ean  be  obtained  by  replaclxig  equa¬ 
tions  (6)  and  (8)  with  one  expressicsx*  which  was  obtained  by  approaclcBtion  of  voltage 
dependence  at  the  output  of  the  choke*  or  on  the  stator  of  the  motor*  upon  the  magns* 
tizatton  aiqpere-turna  and  current  loa4  (fig*6)* 


npH  (10) 


Flg.3aEspendenoe  of  total  equivalent 
support  of  motor  with  induction  rotor 
support  at  various  rates  of  rotation* 
1-1200  rpmi  2-1000  rpmt  >>800  rjoi 
liAtoo  rpmi  3-400  r{a|6^00  rpai  VS* 
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Fig. 8* Dependence  of  motor  voltage  upon  choke 
magnetization  in.r*s*  at  various  motor  cur¬ 
rents*  1-0*3  ^omt  ^*<5  ^nonf  3**  ^*7  ^nonf 
4  **  0*9  ^xiomi  5*^*^  lt»«— I  6—1*3  ^ncB* 


SxeludlQg  in  the  system  of  e(2:ustiaiia  tbe  Tari^les  Vmt*  ^  ^*^*aK>t 

ve  will  obtain  equations  of  tbe  fourth  order  (magnitade). 

>*.1- 


Ap.HB+D^ 

0.9^1  (u^O  («:-£*;  -  -  Q)  ■ 


which  hy  substituting  the  tens 


v»-l-y 


is  reduced  to  a  square  root  equation 


0.9fa;ui(}i+C)y4-{0,9-^i  (:»+C)I«:  -  *;(£+/^)  -Q1+ 
+  y  —  A  (B+D)  :i*-0. 

Ihe  roots  of  this  equation  have  the  fora  of 

0.9'ji(ii+C)K-a;(f+f)-QH-^*  , 


(H) 


(12) 


(13) 


^1.2 


1.8fa*ui(]i4-C) 


K{0,9u:(ji+C)Ia;-3;  (£+/■]— QI-t-A  3, MF(5+D)a;oJ|i*(j»+0 

1.8£a:ol(l^+C) 

lhanks  to  the  fact  that  0,  ^g?*  ^  1  and  y  ^.0,  the  root 

with  minus  sign  between  two  parts  of  this  oxiressicm  has  no  physical  sense*  Conse 
qiuently 


V3=+]  1— y. 


-V 


1+ 


0.9j;  (}i+C:  u:-a;(£+£)-QJ+^£>ji’- 
V{0.9'j:  (;i+C)  la;— a;  (£-~  F)-Q\  +  ^*>*+ 
-f  3.6.^£  (B-f  Z>)  (^?C) 

I,8£a2j:(?+C) 


(15) 


Further  on  in  order  to  simplify  the  statesmnts  oil  calculations  ere  conducted 
for  a  concrete  throttle  drire,  manufaetxired  and  tested  at  the  Institute  of  Slectrleal 
Xngineering  of  the  Aeadengr  of  Sciences  mor-SSR*  with  a  capacity  of  2*8  kw* 


Ihe  constant  coefficients  in  the  system  of  eguatlons  for  this  drire  hsTe  such 
▼ahtest  Ao  0.26j  Bs0.6l{  OO.l8»  1^0.69)  B>0.32{  1^0*38|  0.47* 

’  nie  Talue  of  the  intermediate  Tariable  j  for  this  drlTC*  which  will  be  utilised, 
by  us  below*  will  be  written  as  follows 


«-]./  |0>^»r  0.4  -  0.17,i»  y  0.6»» 

K  I  »:  a;  ^’^^a>i(j.4-0,18)J  (p+b.^)"" 

fO.86.;  0.4  0.17p«  ] 
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l.^z*  -  0.4}  2-fl.*  -  -  0.65}  3-a*  -  0.77}.  <a.*-  0.47 

ealcmlated  oharaoteriatlo}  ■  experimental  oharaeteristie 


Equations  of  etatlo  oharaoterlstie  for  the  InTestlgated  2.8  lew  throttle 
drire  hare  the  fora  of 


Vhere 


v-l/ 


/  h*- 


0.65}i* 


«;'»:(}*+ 0,18)’ 


0,86a;-0,4  ,  0,l7|i» 


(}i-f0,18) 


-0,95. 


(17) 

(17») 


The  oaloiilated  etatio  oharaoterietioe  in  oooparieon  with  the  experimental 
ones  are  shown  in  Figure  7*  The  disagreement  between  results  of  oaloulation  and 
investigation,  which  amounts  to  10-20^,  should  be  attributed  to  linearisation 
of  certain  non-linear  dependences  on  aooount  of  disregarding  during  the  deriwa* 
tion  of  equation  of  seoondarT'  factors  and  a  certain  inaoourao/  in  approxiaatioa. 


Tera  (l2)  was  written  with  deviations  at  aaall  values  of  saas 

2v^v— Ay.  (181 


Inoreaents  in  the  oomplex  function  in  (l6)  at  oertain  inoreaents  of  arga- 


aeatsy4^  will  be  written  as 

^  '  a  a  - 


(19) 


Having  taken  the  partial  derivatives  and  oaloulating  (l8)ws  will  obtain  aa 
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axprestloa 


Here  ’i'  and 


d  V 

dv  = - =  — 

2v  “  •« 


(20) 


t.  •"*  -r^y,  ■ 


statisa  coefficients  for  corresponding  disturbaneeafVbich  egual 


1  dy 

ga  — >  « .y  — 

*=*  2v  dn 

ii  »‘+0.36)u,[^0.29a*+0.33ai-0.14-0,34|  '  (0.86a*-0.95a;-0.4)*  + 


(0.29a;+0.33»-- 0. 1 4)  ;i*] 

_ _ u:(u+07i8)  J 


4a:vyi  (^+0. 18)- 1  /  (0,86a;-0,95«;-0,4)*  + 
"  (0.29«;+0.33a;-0,14)tt* 


(21) 


4li  (ji  ,  0,18) ■®'29*I~0-33a2-H0,14-i-0,34  j/^(0,86«*— 0,95«*— p,4)*+ 


(0.29a;+0.33a;-0,14)ii» 


«n(!x+0.18) 


4a>i  (ii^0,18)J  ]/ (0,86a;-0,95a;-0,4)H- 

(0.29^Tor3^^7U)i:t 

'-^(ji-rO.lS) 


(22) 


Tiie  coramon  denmioator  of  statisn  coefficients 

S=4a>i(ii+0.18)*X 


,  /  (0,29a;+0.33«;;-0,14)ji= 

X  ]/  (0,86a:-0.95,:-0,4)^+  ---  (23) 

is  proportional  to  tbs  rigidity  of  the  eystect,  vblcb  establisbes  the  laeasuras  of  Its 
reaction  to  any  kind  of  disturbances,  Ibe  nonlinearity  of  static  ebaracteristies, 
functional  dependence  of  statism  coefficient  and  tbe  laagnituds  of  proportionality 
of  the  syst#ffl*s  rigidity  upon  tbe  rats  and  nagnltude  of  disturbances  was  obtained 
from  the  ccnstancy  condition  of  tba  feedback  coefficients  ,  cr  from  tbe 
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condition  of  etnstructing  feedbecks  linear  lav*  Ibis  is  confixcad  by  experiment* 
Since  an  asyncbrcnous  motor*  during  its  operation  at  higher  slips*  and  the  satvra^ 
ticn  ceil  are  nonlinear  by  their  nature*  the  only  permissible  vay  of  actually  la* 
proving  the  quality  of  static  character  in  tic  a  of  AC  throttle  drives  is  the  application 
in  the  system  of  such  feedbacks*  the  coefficients  of  which  are  in  a  certain  functional 
dependence  upon  the  output  coordinate  (speed  )  and  upon  the  msgnitude  of  dis* 
turbaneea* 

Ve  will  analyze  the  terms  of  statism  coefficients  (21)  and  (22)*  Ihe  numerators 

of  these  expressions  possess  identical  loilti.les  (multiple  values)*  taken  at  the 

square  arc*  and  differ  only  by  the  sign*  The  equality  of  these  multi  members  to  zero 

is  an  invariance  condition  of  static  error  of  the  system  pertaining  to  disturbances  • 

lead  moment  and  oscillationsof  source  voltages.  The  s^'stem  having  zero  statiam  for 

the  load  mooent  and  source  voltage  fluctwtions  at 

0,29a;+0,33a;-0,14- 


r 


(0.29a;+0,33a;-0,14):i» 


(24) 


—0,34  y  (0,86a^  0,95a„  0,4)  +  -  -  o*(u+0,l8) 

After  certain  transforms  with  the  utilization  of  (4)  we  will  obtain 


[’j„(0,61 +0,69v*)  0,18)*  (9S) 

0.3a;+0,33a;-0.i4  (0,61 +0.6^^ 

It  is  evident*  that  equality  can  be  attaineJ  at  various  com:-iDatic3Da  of  dependeaoM 

•  • 

and  Ou  upon  folla«<ing  deliberations  lead  to  the  selee  — 

ticn  of  really  feasible  dependences  of  feedback  coefficients.  The  depexidenea  of  any 
one  of  these  coefficients  upon  source  voltage  should  be  assured  by  the  introduction 
into  the  system  of  a  compound  connection  with  the  voltage  source*  which  would  consider^ 
ably  complicate  the  entire  drive  system,  the  mein  value  of  which  lies  in  simplieity 
axd  reliability.  As  is  shown  hy  terms  (22)*  (23)  and  (25)*  total  elimination  of  . 
static  errors  without  cutting  in  the  voltage  source  is  impossible* 

Figuring*  that  deviations  of  voltsga  source*  as  s  rule*  does  not  axeesd  and 
that  only  one  part  in  the  drive  systsm  Is  of  negative  conneetion*  the  vcltags  of  tlM 
motor  raises  the  rigidity  of  ths  system  by  many  times*  it  is  than  possibls  to  dram 
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a  ecnelusion  regarding  the  possibility  of  considerably  decreasing  static  errors 
without  compound  connection  with  scuree  voltagBa 

Since  in  our  system  there  is  no  tachogenerator  end  the  firming  element  is  situated 

« 

along  side  the  feedback  for  the  Tcltage,  it  is  safe  to  assume  as  dependent  upon 
speed,  consequently  the  fixing  element  should  he  made  with  a  certain  functional  depend¬ 
ence  upon  the  necessary  rate  of  rotation  of  the  motor.  Finally,  by  linking  with  a 
current  dependent  coefficient  the  simplest  thing  of  all  is  to  estebllsh  conneotion 
with  the  current.  Consequently,  equation  (25)  can  be  realized  at  Up«  1  and  at  laws 
of  change  of  and  a.^  in  the  form  of 


l-T-mt* 


(26) 


ia 

a! d. 


(27) 


Substitution  of  last  expressions  in  (25)  and  solving  of  sanm  with  respect  to 
coefficients  a,b,c,d,l,m,n,p  and  q  gives  a  formla  for  calculating  the  dependences 
of  feedback  coefficients  upon  the  speed  and  current  of  the  tested  2,8  kw  drive 


Fig.8, Character istio  of  nonlinear  sub¬ 
sequent  support  in  the  vicinity  of  feed' 
back  for  the  current. 


0,65-0.2v*  . 

l,lv*+0.08v*+0,5' 


(28) 


*;  =585-4 1 (29> 


e 

Realization  of  dependence  Q[^  upon  current 
can  be  derived,  e,g,by  Introduction  along 
the  linkage  behind  the  current  a  following 
correcting  nonlinear  element.  Such  an  element 
can  be  a  choke  , which  becemes  automatically’ 
saturated  or  magaetized,eonneoted  in-series 
to  a  current  transformsr. 

Investigations  carried  out  at  the  Institute 
of  Electrical  Engineering  at  the  Aeadengr  of 
Sciences  Ukr-SSR,  showed  ,  that  statie  error 
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due  to  chan^  In.  load  mocant  ean  be  praetieally  reduced  to  zero  oy  connection  of  an 
artificial  nonlinearity  into  the  feedback  circuit  for  the  current*  Experimental  de¬ 
pendence  of  the  support  of  the  suceesaiTe  correcting  eleoent  in  the  circuit  of  the 
current  feedback  upon  the  currant  of  the  motor*  vhieh  assures  a  considerable  reduc 
tion  in  static  error*  is  shoun  in  fig*8*  Eroblcos  of  synthesizing  correcting  elements 
and  their  practical  realization  vlth  assinrance  of  raximum  rigidity  of  the  system  will 
be  ex^.lained  in  the  following  reports. 

Idteratur* 

1*  AcCr.lTakhnenko*  Autondc  Controlling  the  Speed  of  Asynchronous  Low  Capacity  ^b— 
tors*  Izdatel'stvo  Akadomii  'feuk  Ckr-SSR*  1953 

2.  I*K.Ibrra,  Yu.r^RozoT*  E.G.Cbugunniy;  Results  of  Industrial  Testing  of  AC  10  kv 
Drives  with  Choke  Control.  Avtooatika  No.5*  19^ 

3*  Yu,M.Rozct}  Throttle  Electric  Erive.  Author  Certificate  No,138657  (class  21e 
59/35)  v.-ith  privelage  from  Oct.9.1959  "Dyulleten*  Izobreteniy  •No.  11,1961 

4.  Yu*l-i*Rozov;  liev  Type  of  Rotor  for  Asynchronous  I'btor  used  in  a  Ibrottle  l^pe 
Drive  System.  Energetika  i  Elektrotekhnicheskaya  xronyshlennost*  *  No.4*1960 

5.  Yu.I-i*Rozovi  Investigation  and  Calculation  of  an  Induction  Auxiliary  I^pe  Rotor 
Support  for  an  asynchroaous  i-btor.controllad  by  a  Saturation  Coil,  Avtomatlka 
No  2.1961 

Subsolttsd  Sept.3O.i96l 

Russian  and  ibglish  suamaries  incltidsd 


ITI^TT-62.1521/1’*2 


67 


Tvi-Hiaso  ReverslTe  OriTe  with  l-iagaetle  Semleoaduetor 

implifler 

K.VcKhrushehara 

Known  are  numerous  circults[33  of  contactless  reversiTa  operational  deTices  with 
two-and  three>phase  motor a,  where  the  output  cascades  are  built  on  electron  tubes* 

But  the  application  of  tubes  in  similar  arrangements  is  undesirable*  is  de¬ 

scribed  the  circuit  of  a  two-phase  drive  with  input  cascades  on  semiconductor  triodes 
and  rate  feedback  with  tachometer  generator.  Feedback  can  be  executed  without  tacho¬ 
meter  generator*  e«g«wlth  the  aid  of  current  and  voltage  transformers^*  ^ 


Fig  .1*  Block  ilageeM  of  reverslTe  tri-phase  drive  i 

FCHF  -  phase  sensitive  amplifier;  IK],  and  IK2  -  xnagnetic  cascadee  No  1  and  2« 
l^>motori  N-loads. 

In  this  report  is  described  the  circuit  of  a  tri-phase  reversive  drive  without 
electron  tubes  with  stabilizing  feedback  for  speed  without  a  tachometer  generator* 
block-diagram  of  an  asynchronous  throttle  drive  with  tri-phase  motor  AOL 
11/4  capacity'  0*12  kw  is  shown  in  fig.l*  and  the  principal  circuit  diagram  in  fig*2*  i 

The  first  phase  sensitive  is  built  on  P4-A  triodes*  the  third  and  second  -  on  xaagoa-  j 

tic  amplifiers*  The  third  -  power  amplificatioa  stage  (cascade)  consists  of  five  or 
six  magnetic  actplifiera  for  direct  (KE^*  KP]^*  and  reverse  (14Fg*  MP^*  141^)  rotstioa 
of  the  motor* 


Fonoer  amplificatioa  is  realized  on  two  slngle-taot  magnstie  amplifisra  or 
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dual  tact  amplifier  vltb  DC  output.  and  IS'2  (see  fig.2).  Aate  of  rotation  ata-- 

bilizatlon  is  attained  by  the  application  of  a  posltiTe  feedback  for  current  and  negar* 
tire  for  Toltage. 

Sunming  up  vas  realized  at  AC  current  on  the  priisary  winding  tuj  of  input  trans^ 
former  of  the  semiconductor  cascade  FChK«  rrioary  winding  of  current  treuiaformer 
TC  and  voltage  transformer  lU  are  connected  in  phases  1  and  3  of  the  motor  (see  flg.2). 
To  cordinate  the  feedback  phases  with  the  phase  of  the  input  signal  ^sig  there 
is  a  phase  changing  device  (FOP) .connected  to  the  output  of  current  and  voltage  trans¬ 
formers. 

The  feedback  voltage  Ug^  at  the  input  of  the  phase  changing  device  e(|uala 

^CI“^TII  (/oi  ~  (I ) 

where  and  -  currents  of  first  and  third  phases.  voltage. 


Fig,2,  Rfincipal  Circuit  diagram  of  a  reverslve  trl-phaae  drive 
The  parameters  of  phase  turning  device  are  selected  so,  that  at  a  motor  spaad 

equalling  zero  (n  «  0).  the  voltage  at  its  output  T7g^  would  be  close  to  zero 

\ 

The  output  of  the  faadbaek  sensing  element  connected  in  the  scunterphaao  with 
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ccntrolling  signal  ^sig  in^ut  cf  the  phase  sensitlTe  enseada  (FCIK).  Upon  a 

eliange  in  sign  cf  the  control  slgnalti.ea  during  the  reTersing  of  the  motor*  the  Tolt- 
age  phase  Ug^  changes  190*« 

The  phase  turning  device  can  be  made  with  the  aid  of  an  arrangement  on  active  re* 
sistances  and  capacitances.  The  conf Igura ti(m  of  the  FOP  circuit  depends  upon  the 
phase  displacement  between  Toltages  at 

outputs  of  current  U^g*  voltage  transfoorriiers  and  the 
injjut  sigoal  ^sig*  calculated  parameter  a  of  FOP  correspond  to  the  distribution 
of  vectors  U^g,  and  Ug^g  shot-jn  in  fig*3»  2ut  there  is  also  possible 

another  arrangement  of  these  vectors« 

In  further  considerations  the  angles <^1 
and(f>  between  the  voltages  at  output  of 

Vau 

current  transformer  U^g,  voltage  transfer-  . 


mer  U^q  and  are  accepted  as  constant 


Fig.3»7ector  diajpram  for  calculation  of 
phase  turning  device  of  feedback  stabilizing 
element. 


in  the  entire  ra::^e  of  motor  speeds* 

Such  assiuaptions  are  possible  for  the  oo* 
tor  with  Shenfer  rotor. 

To  the  phase  rotating  device*  shoivn  in  fig»2,  eurresponds  a  displacement  circuit 
fig.4«  The  resistance  r^  and  voltage  Ug^  in  this  arrangement  are  the  input  parameters 
oC  a  semiconductor  cascade  FCHK*  rQ  is  accepted  as  active*negligible  inductance  of 


transformer*  Having  fixed  the  resistances 


1 


=  -  -  =  0,lr« 


(3^ 


vc. 


and  coming  out  from  the  vector  diagram  fig*3t  ve  will  determine  tiie  FOP  parameters 


c,  - 


1 

• 

(4) 

t  . 

(.*>> 

•• 

I 

(6' 

«c,tg(90-^’ 
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p.:. 


Currents  I2  and  voltages  on  tiie  sScoada^^y  windings  of  currei^t  and  voltage 


itransforiners  Ut  and  Xfc  can  be  determined  from  equations  • 
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£g,uation  (7)  corresponds  to  the  vjorking  ; 
condition  of  FOP  at  the  braked  motor  (n=0), 
when  cbndition  (2)  should  be  fulf illed.Ihe 
burrer^t  I^o  ?20  tiesigna'Jfe  the  current 

f .  ' 

at  outputs  of  voltage  and  current  transfer— 


.  7 


Fig, 4. Scheme  of  displacement  of  phase 
rotating  device  of  feedback  stabiliza 
tion  element. 


mars  under  this  condition, 

plquation  (8)  is  complex  for  the  condition 
of  ncsninal  rate  (n  =  nj^om^*  current  !]_  and 


I2  indicate  currents  at  outputs  of  current  and'  voltage  transformers . in  this  condition, 
,  When  formulating  equation(8  )  no  consideration,  was  given  to  feedback  current 
at  the  output  of  the  circuit.  Such  assumptions  .^re  valid  because,  acaerding  to  ratio 
(3)»  resistances  r^  and  r2  =  are  mch  .ioweKj;  than  tbe  output  resistance  FOP  (marked 
on  the  displacement  circuit  bt  rji).  L- 

The"  system  of  equations  (7)  and,  (8)  wit^  four  unknovms  can  be  sol^ved,  if  it  would 
be  supplemented  "by  ratios  . 


I  b  Ta  --  =  d. 
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The  relatioMhips  (9) -between  currents,  at  {.the  output  of  current^jand  vq.ltage  trans 

.  ■  1  • 

formers  remain. valid  (at  a  coimLition  of  censtanpy  of  their  transformation  coefficient 

y’V  ■  •  ' 

with  change  in  motor  speed)  and  for  curre^S  anji  y.oltages  of  the  moticr,  which  can  be 
determined  frean  its  curves  of  identical  c^Prenta  and  voltages.  Knowing  the  values 
a  and  b  it  is  posaible  to  solve  the,  systei4,of  e,^ations '(7)»  (8)  .andif  (9)  witb  resp  ect 
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Values  l2»  and  U2  are  the  basic  data  for  the  calculation  of  currents  and  volt¬ 
ages  of  transforD2ers\i]J.  j  ! 


Fig,5»lhcperinental  mechanical  properties  of  drive  with  and  without 
,  feedback,  a-  with  feedback;  b  -  without  feedback. 

The  function  of  the  feedback  in  the  circuit  of  the  drive  with  semiconductor  in¬ 
put  cascade  (see  fig,2)  was  checked  experimentally.  Tests  showed,  that  feedback  broadens 
'  the  zone  of  linearity,  in  which  the  rate  of  motor  rotation  depends  upon  the  magni¬ 
tude  of  the  controlling  signal  and  raises  the  rigidity  of  the  mechanical  character  - 
istics. 

1 

For  the  purpose  of  comparison  fig,5  ehows  the  mechanical  characteristics  of  a 
motor  with  and  without  feedback. 
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:Slectronie  Differential  System  for  Autot-iatieally  lisamiring 
the  Rate  of  Rolling 

P.I.Dekbtyarenko;  S,F«Kozubovs1ciy t  A.^2•^IelesheTt 
S.R.RaykhmaxL 

At  the  Automatic  Control  Lab  of  the  Institute  of  Electrical  Engineering  at  the 
Acadeay  of  Sciences  Uter-S3l  was  developed  an  electron  variant  of  a  differential  system 
for  automatically  measuring  the  rate  of  rolling  by  the  correlation  method.  Ihe  corre¬ 
lation  method  of  measuring  the  rate  of  rolling  was  described  and  the  bases  of 

its  automation  system  in.  !?•  il-  v/e  shall  briefly  review  the  mode  of  operation  of 
the  correlation  matering  device  measuring  the  rata  of  rolling. 

Two  points  of  a  metal  atrip*  are  eituated  over  a  fixed  distance  1  in  direction 
of  rolling*  are  illuoinated  by  tv;o  sharp  liualnous  dots.  The  brightnaseof  the  luminous 
dots  during  the  movement  of  the  metal  strip  c'nanges  as  result  of  presence  of 
structiiral  heterogeneities  on  the  surface  of  the  matal*  cracles  and  dross.  The  images 
of  lines  are  perceived  by  two  photanultipliers  *  from  the  outputs  of  which  is  taken 
down  an  electric  signal*  proportional  to  the  brightness  of  the  lines*  Aniplified  sig¬ 
nals  are  fed  to  the  correlator* 

The  output  signal  of  the  correlator  (intercorrelation  function)  is  maxinum  in 
case,  when  the  control  of  lagging,  v;hich  is  Introduced  into  the  channel  of  the  first 
signal,  is  equal  to  transportation  lag 7^^  from  the  mesaent  the  metal  passes  a  distanes 
between  two  points  (lixxes). 

The  magnitude  of  lag,  which  is  introduced,  is  synonymously  bound  with  the  rate  of 
the  metal  by  the  dependence  7/  *  which  allows  to  use  this  method  for  measuring 

the  rate  of  rolling.  The  controlled  lagging  block  (BRZi)  is  calibrated  directly  in 
rate  valuas* 
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Tbe  system  is  sutameted  vith  the  aid  of  an  extrasal  re£ulstcr»co-;neeted  to  tha 
output  of  the  ecrralator*  vhlch  finds  autonatleally  tha  naximuo  of  tha  eorrelatioa 
funetioOt  acting  against  tho  BRJ^ 

Differential  clreuit*  The  process  of  finding  the  naxiTnua  with  tbe  aid  of  ordinary 
extrecjal  control  circuits  is  connected  with  searching  oscillations.vjhich  reduce  tha 
rapid  action  of  the  systanu  Ihe  differential  circuit  has  no  such  shorteanlng,whieh 
governs  tbe  basis  for  tbs  developed  electronic  systam* 

Tne  specific  cbaractrlstic  of  tbe  differential  circiut  is  tbe  presence  of  a  ■model 
of  the  control  object*  -  of  anetber  correlator  channsl  with  additionrl  constant  laggings 
The  characteristic  of  the  model  has  exactly  the  s^mc  form  as  tbe  characteristic 
of  the  object*  but  it  la  displaced  along  axis ^  ^  the  value  of  this  constant  lag. 

A  coaparisGQ  of  output  signals  of  tbe  object  and  ^aodel*  allows  to  obtain  error  signals, 
vhi:h  assures  tbe  entry  of  the  system  into  the  zons  of  extremuza,  after  which  the  sys« 
tem  la  mainteined  in  tha  point  of  intersection  of  object  and  model  characteristics* 

Ihe  differential  circuit  of  automating  the  correlation  metering  device  is  easily 
distinguished  from  erdinary  circuits  by  its  simplicity  and  greater  sensitivity*  because 


the  differential  characteristic  in  the  zone  of  system  oquilibriua  has  greater  eurra* 
ture*  than  the  characteristic  of  the  object  in  the  zon^f  tbe  extremum*  Ihe  funetloa 
of  the  differential  circuit  is  more  thorouj^ily  described  • 

The  characteristic  of  the  developed  sj'sten  is  else  tbe  application  of  the  relay 


correlation  function 


instead  of  the  ordinazy  ^ 

(2) 

•  * 

_  U 

Consequently*  the  correlation  function  of  the  continuous  output  function  f(t) 
will  be  substituted  by  the  correlation  of  the  eorreppoodizig  to  it  ‘relay  function* 
signlf(t)^  which  is  designated  by  the  mauant  of  transition  throng  zero  cf  this  outpat 
function  (flg.l)*  As  Is  shown  in  znoy  iBvastigntions  •  tills  can  be  dcse  st  nornsl 
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correlations  of  the  output  xrcceee  er^d  by  normal  distribution  of  its  monentary  values* 
The  relay  correlstioa  fv.cction  depends  only  upon  the  probability  of  the  alternation 
of  signs  (zeros)  of  tho  output  process  [6j* 

The  utilization  of  relay  correlation  func¬ 


tions  makes  it  possible  to  considerably  simplify 
the  correlator  apparatus*  Especially*  EHZ 
for  the  relay  function  is  nuch  simpler  than 
than  for  the  signal  of  general  form* because 
the  task  is  reduced  to  the  delaying  of  short 
pnlses, which  correspond  to  zeros  of  the  output 
signal  (or  corresponding  relay  function^). 
Instead  of  the  multiplying  device  of  the 
correlator  is  utilized  a  relatively  sioqple 
coincidence  circuit* 

Circuit-dia^jram  of  a  correlation  velocity 


Fig,l*Trensfori^ticn,  of  input  signal  in  measuring  device,  ’'.’s  V7ill  examine  a  circuit 
relay  function  and  pul3e,which  correspond 

to  zeros  of  output  function.  diagram  of  a  correlation  velocity  osasuring 

f(t)-signal  at  output  of  phototransmitteri 

Gign|f(t)J-relay  function  at  output  of  for  device  (fig,2).  The  signals  coning  fron 
ming  linej  x(t)-differ satiated  pulses | 

*oCt)  -output  signal  of  converter  (monopo  photocultipliers  FP^  and  FI^  ore  amplified 
lar  pulses  which  correspond  to  zeros  of 

output  function),  with  the  aid  of  amplifiers  Pj  and  and 

fed  to  the  forming  (Fi  and  F2)  and  transfarudzig  (lO  links  for  the  transfermatioa  of 
input  signals  into  a  relay  function  end  Into  a  short  monopolar  potential  pulsest^hich 
correspond  to  zeros  of  the  output  function  (see  fig.l).  These  pulse^ith  the  aid  of 
an  electronic  BRZ  are  delayed  for  a  time  *tbe  magnitude  of  which  depends  upon  the  control 
load  applied  to  the  BRZ.  The  controlled  lag  block  includes  as  an  element  of  alternat¬ 
ing  delay 'y(the  BRZ  proper)  as  well  as  elements  of  constant  delays 

The  delayed  pulses  with  the  aid  of  triggers-formars  T^  and  T^  (triggers  with  oalou- 
lated  input)  are  again  converted  into  rectangular  pulses  (relay  function)  and  delivered 
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to  ualtiplyine  dcviees  1  (  of  the  eoineidonee  circuit)*  The  difference  in  delays  in 
elements  7’x  ^^^2  dlsplaceaent  cf  characteristics  of  two  differential 

circuit  channels  (output  signals  of  coincidence  circrxits  I)*  Signals  fros  the  output  of 
coincidence  circuits  throu^  cathodic  repeaters  KP  are  fed  to  the  eleetron  keyer  S 
and  throu^  a  megjry  deriee  PP  to  the  controlled  lagging  derice* 

Input*  foriLing  and  transforcing  links*  JUnr.Iified  signals  from  the  output  of 
phototransmitters  *  apX'roach  the  forming  and  transfer  ring  links  through  the  normally 
open  contacts  1P|^  and  21^*  Relay  is  cut  in  by  contact  of  relay  R  2*  Relay  B2  bas 
two  windinga*  ona  of  which  is  fed  rectified  signal  Toltage  of  ths  phototransmitter  of 
the  first  channel*  and  the  other  one  control  the  operational  threshold  of  the  system 
(uonseusitiYity  zonaa)* 

In  the  absence  of  signal  from  the  fascimile  transmitter  FPj^  the  winding  of  relay 
is  currentless  and  to  the  input  of  the  former  do  not  coma  in  weak  impediment  signalSf 
which  in  the  absence  of  the  basic  signal  would  lead  to  wrong  operationsof  the  circuit* 
The  input  sL gn-c banging  signal  of  general  form*  v/bicb  exceeds  the  zone  of  insensi¬ 
tivity  of  relay  R2*  with  the  aid  of  forming  and  trensforming  links  is  tranrformed  into 
a  seqiience  of  monopolar  pulses*  which  correspond  to  zeros  of  the  output  signal  (see 
fig*l}*  These  transformations  are  realized  with  the  aid  of  the  forming  caseada  (I2 
and  1/2  I^)*  phase  invertor  (l/2  I^)  and  amplifier  (l/2L^)*  All  this  is  evident  fron 

fig.3. 

Aa  a  forming  cascade  was  utilized  a  diode»regenerative  scheme  with  pulse  trans* 
former [t]*  The  input  amplified  load  f(t)  is  fed  through  relay  contacts  IF^  ^1 
pulse  transfonoar  winding. to  the  cathode  of  right  diode  l2*  The  left  diode  L2  and 
resistance  R  »  68  serve  for  the  purpose  of  .syimoetriTlng  the  charge  and  disehaq^e 

ciirrcnta  of  the  input  capacitor*  Rectangular  load  pulses  on  the  anode  of  tube 
8lgn{f(t)]]  are  differentiated  when  passing  throu^  oapeoity  C  «  750  nicrooiorofarsds* 

*  The  optical  ^stea  and  piiototrananitters  made  by  on^r  T*D*KcaTsts 
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Pig. 2  Cirouit  Diagram  of  Correlation  Ueasuring  the  Speed  of  Bolling  mile 
FF^  and  FP2  -  Photomultipliers)  P^  and  P2  -  input  signal  amplifiers) 

F^  and  F2  -  formers  of  rectangular  pulses  (of  relaj  funotion))  P  -  con¬ 
verter  Action  into  pulses  corresponding  to  zeros  of  input 

signal)  -  constant  lag  elements. 

j  I 

and  T  2“  triggers  with  oaloulatod  input)  I  -  ooinoidenoe  oirenit) 
ICP-oathode  repeater)  EK-eleotron  key)  PP-memory  derioe)  TP-asasurins 
device,  calibrated  in  speed  values. 


See  Page  78a  for  Figure  3 
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The  pulse*  x(t)  obtained  aftei*  the  capacitance  are  dlTlded  hgr  polarity  by  point  diode* 
and  delivered  to  the  input  of  the  aiAPlifier  1/2  Ne^tive  .pulse*  are  alternately 
passed  through  the  phase  inversion  cascade*  After  anplif ication  from  the  anode  of  the 
right  half  of  tube  are  taken  down  the  negative  polairy  pulses  Zo(t)«whieh  are  fed 
to  rhe  delay  block  ia  fig«2)* 

uelay  block*  Tae  delay  block  assure*  the  delay  of  monopolar  pulse*  for  a  tiioBt 
corresponding  to  transport  delay  end  depends  upon  the  distance  between  the  lines  1 
ond  the  rate  of  motion  of  the  rolling  mill  v  (fig»2)* 

The  delay  elements  are  ccutrolled  by  monovibrators*  which  can  ha  alternetely  coixouta- 
ted  to  obtain  the  naeessary  delay  time*  The  total  delay  is  a  combination  of  previenaly 
selectad  constant  delays  ('f.,  "t/,  and^  )  and  alternating  delays*  magnitade 
of  v>hlch  is  controlled  by  the  load*  whicb  is  fed  to  the  grid  of  left  half  at  tebe 
Ig  (flg*4)* 

As  is  known*  the  time  of  delay  of  a  monovihretor  is  daslgneted  by  circuit  paramster* 

R  and  C  and  by  the  conditions  of  the  tubes  in  open  stats*  In  our  case  for  mono- 
vibrators  with  constant  time  changing  the  dolay  time  corresponds  to  8 

nderoseo* 

The  experimental  dependence  of  pulse  delay  tixas  upon  the  na^iltade  of  the  eoa» 
trolling  load*  which  is  fed  to  the  grid  of  left  half  of  the  tube  Ljg  depicted  in 
fig*5*  is  evident  from  the  drawing*  that  it  is  approocimately  linear* 

From  the  monovibrator  plate  with  alterxmting  pulse  duration  (Block  of  con¬ 
trolled  dela)”*}'  on  fig*2)  the  signal  after  amplifieaticn  from  1/2  appears  at  the 
separated  inputs  of  the  monovibrator  with  various  inteicbange  time  (blocks  of  constant 
delay  Ty  and  on  fig*2)*  Tbe  time  of  changing  the  monovibrator  •asaenblad  on 
tubes,  eijuals  7  bsoc*  nanovibrator  on  tabes  -*^2  *  3  aiaae*  Tbe  differoaee  in 
delay*  ** ^  b**o* 

The  delayed  pulses  of  oagatlve  polarity  fraa  tabs  pdatas  of  aonovlbrator*  are 
fed  to  the  input  of  triggers  with  eslsulstsd  inpnt  and  l|;j^  (l^  and  in  fig*2)* 
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Fron  the  loads  of  cathode  repeaters  is  ronioved  the  voltage,  the  fern  aod  fre~ 
quericy  of  which  are  analogous  to  the  volt^a  after  the  fonasr,  but  it  is  displaced  in 
tine  by  a  oag^tude* which  is  designated  by  elements  and  I^o  (fig»6}  by  coineidenoe 
circuits  (*of  the  multiplying  device  *  I  in  fig»2») 

Coincidence  Circuit.  Ihe  coincidence  circuit  is  built  on  double  trlodes  with  eomoon 
load  anodes*  In  the  absence  of  signals  or  when  positive  signals  are  fed  to  both  grids 
the  tubes  are  open.  The  circuit  parameters  are  selected  so  that  during  the  closing 
of  one  of  the  tubes  the  current  through  resistance  cf  plate  load  and  the  voltage  on 
it  remain  practically  unchanged. 


rig*4*rrincipal  circuit  diagram  of  delay  block  of  6N1P  type  tuba 
During  simultaneous  feeding  of  negative  signals  to  both  ^rids  ^e  trlodes  close. 
Ihis  causes  a  rise  in  plate  voltage  to  the  magnituda  of  the  anode  source*  and  froa 
the  output  load  is  removed  a  pulse  of  positive  polarity*  the  duration  of  which  de¬ 
pends  upon  the  ptaaso  displeoements  of  ths  voltas^B  vhieh  are  fed  to  the  £pid  of  the 
eoineidence  elxouit. 

In  our  ease  to  the  right  grid  of  thceoiseidenoe  eireuit  is  eaoing  in  a  si^^aal 
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froQ  tha  foamier  of  the  second  otiannal  -  and  to  the  left  grid-  slgnala 

of  first  ehau:iel  delayed  hy  the  time  and  If  the  delays  X.^  and  would  be  equal 
and  coixiclde  with  the  tios  of  transporting  the  delay  ty*  teen  the  output  pulses  of 
both  coincldeuco  circuits  would  hare  an  identical  duration.  3ut  the  delays  differ  froa 
each  other  by  tbe  tlaa^'y**'tj  “  consequo  ^Ttly  during  the  equality  of  one  of  thee 

to  the  time  of  transpo:'tlng  T  ^  the  other  one  di.fera  fren  this  value  by  the  magnitude 
— atad  the  output  aignalicf  the  coincidence  circuit  (duration  of  output 
pulses)  is  different,  egjuality  of  output  signals  of  coincidence  circuits  is  possible 
only  in  ease  of  system  equilibrium*  when,  both  delays  and  ^  differ  from  b^'  the 

AT ... 

value  2  • 


■6m/i 


characteristic  of 

BRZ  (dependence  of  time  of  delay  upon  msg 
nltude  of  eontrbl  voltage} 


7ig*6.  Coincidence  circuit  and  electron 
bey 


vihen  the  rate  of  rolling  is  changed  the  delay  time  appears  to  be  unequal  to  the 
transport  delay  and  tbs  duretion  of  pulses  at  the  outputs  of  eoinoidenoe  circuits  will 
be  different*  * 


Bositive  pulses*  taken  from  plate  loads  of  coincidence  circuits*  throu^  oathodie 
repeaters  12^  are  fed  to  the  electron  key*  in  the  circuits  of  which  is  included  a 
eapaeltov  C  ■  1  mierofarad*  Tha  Toltags  on  the  oapeoitov  is  deaignated  by  the  duratiett 
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of  the  pulsast  vhlch  arrive  at  the  eleetrtsi  key* 

v.ken  the  pulses  appear  at  £rid  screen  of  tube  I22  eapeeitor  bosooes  charged;  when 
tLu  pulses  arrive  at  the  capacitor  is  discharged*  Ihe  circuit  parameters  are  seleoted 
so*  that  the  time  constants  near  the  charge  and  discharge  of  the  capacitor  are 
identical,  mean  value  of  the  poteatiol  on  the  capacitors  is  designs  tad  by  tha 
differanee  in  tha  duration  of  the  iulsea*vjhich  arrive  at  the  electron  key.nie  greater 
the  pulse  duration*  of  pulses  taken  from  1^2*  greater  is  the  voltage  on  the  eapaei-> 
tance  end*  vice  versa*  that  volt£^-e  Is  lower*  the  greater  the  duration  of  pulses  taken 
frod 

Finally  the  magnitude  of  the  potential  on  the  capacitors  is  designated  by  the  rate 
of  motion  of  the  rolling  mill.  Vlien  this  load  is  delivered  through  cathad.e  repeater  1/2 
1^2  vicinity  of  the  grid  of  the  monovibrator  h2  takes  place  a  change  in  delay 

controlling  time*  and  subsequently  in  each  case  the  change  in  roiling  rata  brings 
about  a  change  ir.  signal  delay  time  in  the  first  channel# 

Ihe  output  load,  taken  from  capacitor  throu;^  cathode  repeater*  is  measured  by  the 
voltmeter*  calibrated  in  values  of  rate  of  motion  of  the  rolling  mill*  3y  the  indlca 
tions  of  the  installation*  included  In  the  monovibrator  grid*  it  is  possible  to  datar- 
mine  the  rate  of  i!X>tion  of  the  rolling  mill# 
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Code  Flrequeney^Ccmbioation  System  for  Tblenstering 
■  by 

B.S«I]ldyk«  F»0JCatkoT 

In  code  systems  of  telemoterlng  the  transmission  of  discrete  values  of 

a  frimarily  measured  magnitude  is  realized  by  the  formation  and  sending  into  the 
nel  of  a  group  of  signals,  which  make  up  the  code,  the  necessary  number  of  which  is 
determined  b2'  the  permissible  discreteness  error. 

At  proper  farioilation  of  the  code  systems  of  telemetering,  the  cede  systems  pen 
be  reliable  at  a  considerable  level  of  interferences  in  the  channel  (ea'iaiunieatioa 
chaiinal).  Ihat  is  why  already  known  devices  are  characterized  by  considorable  complexity, 
relstivel)*  low  operational  reliability  and  low  rate  of  speed. 


Fig.l,  Block-dla^am  of  a  telemetering  code  frequency-combination  system 
Annsasured  value,  FV-primary  measuring  device;  VZE^indieator  unit;  K^Cccnutatori 
SBf-  coder;  VG-generator  unit;  KZ-comroinication  channel;  TCHF-unit  of  frequency 
filters;  DSQi*deeoder;  TSHJ  -  digital  receiver, 

Ihe  code  frequenoy-comblnation  system  of  telemetering  developed  at  the  Faculty  of 
Automatioe  and  Teleneohanies  of  the  ICieT^olytechnleum,  dees  not  have  these  short 
comings, 

A  simplification  of  the  arrangement,  ahdlnersase  in  speed  and  reliability  were 
attained  on  account  of  parallel  coding  from  the  spplieation  of  fregjuenoy  eharactsTr 
iBtios, 

Codes  are  fornulatad  by  eoopiling  cembinations  of  n  throu^  m  freQosnelss,  which 
are  seat  sinultacsoaslF# 
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In  contrast  to  code-pulse  ^steina  the  high  freQuenejr  slcnal  •  which  corresponds 
to  the  given  value  of  the  prijnary  measured  value,  is  !ient  hy  a  transmitter  and  eca— 
tiouously  fixed  by  the  receiving  device.  In  conse(]uenee  the  epparatua  is  considerably 
simplified  •  and  any  failure  of  eepponents  in  the  device  or  chauiel  of  cauasunleotioa 
is  revealed  practically  at  the  mooient  of  its  originatloiu 

Ihe  block-dia^am  of  the  telenetering  code-frecinenQf-coDibination  system  is  shown 
in  fig,  1. 

Ihs  prirwry  metering  devices  (FV)  transforms  the  measured  value  into  an  angle  of 
rotation  or  linear  displacements.  Hie  indicator  unit  (VZF)  connects  the  primary  mea- 
sure...ent  device  with  comnutatcr  K,  v;hlch  through  coder  (SH)  affects  the  frequency  signal 
generators  of  the  VG  generator  unit. 

Cn  the  receiving  side  the  frequency  signal  is  picked  up  by  frequency  filters 
(7CHF)  (Which  control  the  decoder  (DSB).  To  the  outputs  of  the  decoder  is  eonneotad 
a  receiving  device  with  digital  reading  HSHT. 

Aach  discrete  value  of  measured  isagnitude^nea^ured  with  the  aid  of  the  pxrimary 
measuring  device,  of  the  indicator,  coijsutator,  coder  and  generators  is  transformed 
into  a  high  frequency  code.At  receiving  end  th^look  of  frequency  filter 8,dacodlars 
and  device  with  digital  reading,  fixes  the  obtained  si^Ml, 

Hie  developed  telemetering  systesL  is  entirely  contactless. 

Hie  Indicator  uhlt  shown  in  fig^  is  situated  in  the  primary  measuring  device  and 
consists  of  several  photoelectric  transformers,  the  number  of  which  depends  upon  the 
permissible  discreteness  error 

**tran8f  * 

where  N^ronsf  **  of  photoelectric  transfersBrs,  -  permisaible  discreteness 

error. 

As  photoeleotrio  transformers  were  used  photo-triodas  of  the  Institute  of 
Automation  of  the  State  Han  Ulor-SSIl, 

It  iy  also  possible  to  apply  photodiodes  with  aubsequent  signal  amplifieatloB, 
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0; 


Fig.^alndlcator  Unit;  **  I^otoelectrie  transformers* 

I'llght  eoittert  II-icdLrror*  ! ' 

■i 

Cn  the  asrls  of  tho  set  up  is  situated,  a  mirror* illuminated  a  narrow  stream  of'  , 

'*  it 

light*  Under  the  effect  of  the  light  stream*  coming  from  the  mirror*  is  released  one-’  * 
of  the  photoelectric  converters*  depending  upon  the  position  of  the  movable  system  ]  ’ 
of  the  primary  measuring  device.  v;ith  its  beam  it  affects  the  correspooding  Input 
zone  of  the  cocnutator* 

The  ca-nutator  (fig*3)  Is  made  up  of  a  number  of  triggers  connected  with  eech  o^hst 
by  valves.  The  output  voltages  are  taken  from  load  resistances  Bi;.. 

To  set  the  triggers  of  the  circuit  in  initial  position  (with  open  left  triodes) 
is  applied  a  droppable  system  v;hich  consists  of  T^*  Cj,*Rx  elements*  It  the  momsat  tbs 
coccmtator  is  connected  to  the  power  scuroo*  the  eaf  of  which  is  induced  on  the  secondary 
winding  of  trensformer  T^  and  is  made  up  of  power  voltage  Upgyejf* 

Around  the  bases  of  left  triodes  of  each  trigger  are  passing  negative  current  pul- 
ses*  which  exceed  the  currents  of  bases  of  right  triodes*  In  eonsequoies  of  this  all 
the  left  triodes  find  theasslvss  in  open  stats*and  the  output  rings  of  the  conaitstor 
are  eurrontlsss* 
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Vhen  signals  frcm  the  indicator  arrive  at  the  ecxiinutator  there  is  subsequent  oonmh* 
taticn  of  triseers.  At  each  iLCtnant  of  tliae  the  output  voltage  is  taken  froa  one 
trigger  cnly,  in  uhish  the  left  triode  is  closed,  Ihe  balance  of  triggers  la  situate* 
in  reverse  state  end  the  voltages  at  their  outpits  are  eq^l  to  zero* 

T!ie  output  voltage  of  the  canautator  throucJi  a  matrix  coder  (fig.3)  supplies  a 
corresponding  group  of  generators.  At  the  receiving  sida  the  cailtifrequency  si^ial 
affects  the  frequency  filters  CCKF),  the  output  voltages  of  uhich  ore  sent  to  the  in¬ 
put  of  the  matrix  decoder  USE  (fig.4)* 

Ihe  output  ririgs  of  the  decoder  are  shunter  by  triodes,  in  open  state j  on  account 
of  the  displacement  current  vihich  passes  resistance  approach  of  a  dual 

frequancy  telemetering  signal  proper  triodes  of  the  circuit  close  and  the  lead  voltage 
(bulb  of  light  tableau  )  rises  sharply,  The  decoder  can  be  applied  practically  at  any 
number  of  frequencies  in  the  nailtifregsuency  signal. 


Fig,3,  Circuit  of  transmitterj  FSB-photocloctric  oonvorctera,  E-comutateTy 
VG>generator  unit;  SB-coder, 

Ihe  developed  freqjiancy-canbiuation  sj'stem  of  telemetering  possasaes  high  speed 
and  interference  resistance,  Applicction  of  the  system  Is  iSrspective  for  operation 
at  high  frequeiwy,aa  well  as  radio  chaiinels  with  high  level  of  intorfereacee. 
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Fi2.4«Circuit  of  receiver!  VCKF-21ock  of  frecjuaicy  filter S|  IXffl-decoderi 
TSEU-Cigltal  rscelvln^  device* 
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SyriiHiistrlcal  I'baoFreq;aeacy  Fcarced  Oscillations  ir4.  Nonlinear 
Automatic  Control  Sifstema  ■ 

by 

7,7,Ibvlov 

Great  attention  is  attached  to  the  study  of  syLinetrical  mono-frequency  forced 
OEcillationa  in  automatic  control  systems  with  truly  nonlinear  elenicnt* 

Ihe  basis  for  apj?ro5:imate  deteimination  of  forced  oscillations  in  nonlinear  systosas 
is  the  tenn  for  equivalent  linearization  of  the  nonlinear  manber  7(X(Pk), obtained  by 
I'l,lvi,KryioT  and  M«y^BoQolyubov|23  for  the  case  twhen  the  nonlinear  member  is  jroportio-’ 
nal  to  the  small  parameter^* 

For  the  vital  nonlinear  member,  which  is  not  proportional  to  the  small  parameterf  • 
in  report  ^5  given  a  raatej  expression  for  equivalent  linearization 

where  lambda  and  omega  -^attenuation  decrement  and  the  frequency  of  the  'originated 

|olution  q(a)  ="^a^  si/,  -')^a  cos  s|/-  sin  \|,)  cos^  dvj.  and  q*  (a)  * 

F(acos  v|/,  -  sintL)  sin>^<|/  the  application  of  which  for  study. 

c  • 

ing  traissient  processes  gives  a  nuch  more  accurate  result, than  during  the  application 
of  the  tern  fox'  equivalent  linear izatlontX]* 

v;a  shall  discuss  the  question  of  apnl^'icg  term  (1)  for  the  examination  of  forced 

I 

Qcnofrequeney  oscillationa  in  systems  with  vital  nordLlnear  member.  The  oqiuation  wbieh 


*  'Originating*  solution  found  from  initial  equation  7(x,px)  ■  0* 
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descrlb«s  ai^  kind  of  a  .‘systaa*  viU  ba 

Q(p)x  +  F[jc.px)^Slp]flt),  (2» 

where  Q(p}  and  S)p)-  mltiplea  of  an^'  kixid  of  a  degree  with  true  eoostant  coefficients, 
.vherehgr  the  degree  Q(p)  is  'ay  one  degree  hi^ur  than  S(p))  f(t)  *  B  ainJli  • 

If  the  linear  part  of  the  autcoatic  control  system  lias  the  jsoperty  of  a 

filter  then  in  first  approocication  It  ia  possible  to  seek  a  solution  for  fixed 
forced  oscillations  in  form  of 

jr-i4sin(Q<+q<).  (3) 

Equation  (2)  will  then  acquire  the  form 

|<?(Pl— S0»)j^COS»— (4) 

?cr  linearization  •  7(x«pk)  with  term  (1)  it  is  necessary  first  to  determine  the 
values  and  frequencies  the  solution  of  the  ‘originated  *  equation,  which  we  will 
obtain  from  (4)  at  f(x,iac)£  0 

(5i 

It  is  apparent, that  solution  of  eqpBtion  (5)  will  have  the  fora  (3)*}  it  is  evident 
herefrofl^  that  the  Taluee,whlch  characterize  the  ‘originatiAg  ■  solution  can  bo  written 


*=0.  w^lJ. 


Ilh 


Then 


F'  ix,  px)  F {Xrpx)  »  — 


where 


ftA) 


-hi 


F{AtQ$^  — 4QsinC<)cos 


# 

2b 


f'(a)a>^^FlAcoi4>.  — itfi  sin  tia  ^ 

m 

It  is  evident  herefront,  that  the  difference  between  the  defined  term  fer  eq^val^ 
ant  linearization  (7)  and  the  approxisBtion  according  to^*}  lies  in  the  eorreotiTB 
aenbar  tA  , 


*  Ve  are  interested  onlj  in  tiic  estkbliabDent  of  a  solution. 


rri)-T!iv62-i52iA*a 


89 


the  OBf^itude  of  which  actually  depends  upon  the  frequency  of  forced  oseillationsy^ 
and  upon  the  valuas  q(A)  and  q*(A)« 


Drawing;  Approximate  aicplitude-frequency  characteristic  of  an  autcoatio 
control  system,  described  by  equations  x*  ♦  x*  ♦  1,96  z  ♦  P(x)  »  B  sin 
oaegat.  1  •  with  consideration  of  correction;  S~withcut.ecnsideration 
of  correction. 


IText,  by  substituting  (7)  in  (4),  ve  arrive  at  a  defined  tern  to  investigate  mono- 


frequency  farced  oaeillations 


(6) 


VJhereby  its  change  frcsa  the  torms  ordinarily  applied  in  this  case  lias  only  in 


the  correcting  meidMr 


As  an  example  was  drawn  an  amplitude-frequency  characteristic  after  tern  (9) 


for  cases  v;here  ^  0  and  Aq  0  for  autcomtic  control  systeins,whlch  are  deecribod 


by  equationa 

where 


fU)- 


flA 

5  npii  x>\ 

0  npn  ~\<x-’  1 
—5  npit  jf<— 1 


t 
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As  is  ovide.at  frua  the  drawing,  a  Tital  correction  takes  place  in  the  zone  of 
lower  fraqiiencies.  liowever,  as  already  mentioned  before,  the  ma^itudeof  the  correction 
depeiods  not  orjy  upon  the  fr6q.uene7,but  also  upon  the  value  q  and  i,e«upon  the  con>- 
crete  form  of  the  linearization  coefficient,  which  auet  be  included  in  each  concrete  ease< 
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Automatic  Potential  (Voltage  )  Regulator  to  I^otect  Under^ouad 
Installations  against  Corrosion* 

I,K.lfe!rra{  H.V.Petina 

One  of  the  effective  methods  of  cccbatting  corrosion  of  \uidergrounJ  installations 
is  cathodic  rrotecticn,  the  mture  of  which  lies  in  the  fact^  that  the  construction^ 
which  is  being  protected  is  subjected  to  cathodic  polarization  free  an  cuter  souros 
of  X-current  by  forming  the  necessary  potential  difference  between  construction  and 
the  surrounding  medium* 

The  magnitude  of  the  protective  potential,created  by  nonautomatic  cathode  sta¬ 
tions  SKZ  Inserted,  for  example,  along  the  underground  pipe  line  within  certain  dis¬ 
tances,  depends  upon  the  condition  of  the  ground,  magnitude  of  anodic  grounding,pire— 
sence  of  stray  currents  etc* 

At  the  i:icctf otechnical  Inst. of  the  Acadoii^  cf  Sciences  Uhr-SSR  was  developed 
a  ststlopotaatials  regulator  (Autcicatlc  Station  of  Cathodic  Protection  (ASIKZ),  the 
tasks  of  which  are  to  maintain  the  protective  potential  at  a  given  level* 

The  principal  circuit  diagram  of  the  A.^Z  is  shown  in  fig*l.  In  coatraot  to  pre- 
vicnisly  developed  sample  of  potentials  regulators^,  ^  this  cirrangeaait  is  contact 
less,built  on  magnetic  boosters  and  germanium  diodes,  it  has  no  rotating  parts,  it 
is  simple  and  reliable  in  operation* 

The  basic  parameters  of  ASKZ-1  are  as  follcwsi 

Calculated  power  of  regulator  F|^  a  550vsttB  ^^ud  it  is  attained  at  a  load  rcsisi- 
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a&ee  Rj,  «  *  ^0  ohne,  idiarelcr  1&  *  ^3»5  anP* 

liie  Ini^ut  reslstanoe  of  regalator  Rj^p  « 

4000  otaos* 

Given  are  the  percdssible  deviations  iit 

*  ► 

the  potential  at  drainage  point  £  0«1  jUs^ . 


■'inp 


=  0.2  Ti 


4000  “  »_  4000  '*/ 


Tho  eriplificetion  factor  of  the  regnla4 
tor  fcsr  tbo  power  is 

(H 


550 


10-  _ 

The  amplification  factor  of  the  ree<il*»'. 
ter  fear  current  is 
23 


50- 10- 


••4610*. 


(3) 


Fig.l.Arinciral  circuit  diagram  of  auto» 

matic  cathodic  protection  sttf  ion.  multiplicity  of  the  current  at  re{pi» 


later  output  is 
-47. 


23;>  (4) 


As.  0^ 

value  of  the  potential,  which  may  be  forrasd  by  the  regulator  of  given  po*» 
ver.  depends  upon  the  ma^altnde  of  the  anode-^enuod  reFistance  Rg/x  and  the  resiatsfois 
of  pipe  line  insulation  R^^ 

”* 

Fig.2  contains  curves  f or  nmzisum  values  of  positive  potentials  for  the  plpo  liMs 

^7/z*  vhich  at  given  values  l^x  ^H/z  can  be  vorhed  out  by  the  regulator^! 

formed  the  protective  potential  (at  drainsgs  point) •eq^elllng  ■  •  o.Q  t 

(with  an  accuracy  of  t  0.1  t)« 

« 

Qie  ASOl  pote.itials  ra^nlatcr  *<*8  tasted  in  1960.19  A  sloag  the  path  of  tha 
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gas  pipe  line  in  tlia  vicinity  cf  i^scou  as4  DnairopetroTak. 


?ig«2,Zone  cf  Operation  of  regulator  at  given  U<p/2t  ^a/z*  ^/z  and  ¥v|, 

yie»3  presents  a  graph  fo’  the  ehan^  in 
pipe  line  potential  without  cathodic  protec¬ 
tion  and  after  connection  of  ASKZ>1»  Ihe 
fixed  value  of  the  potential  =  •  1,0  T 
is  laaintained  with  an  accuracy  of  t  0.1  t 
ai;  a  change  in  pipe  potential  «  ♦  2  ^ 

-0,7  The  tins  constant  of  the  regulator 
is  O,?**  0,9  sec  (at  a  change  in  controlling 

_  .  effect  free  ndniinaa  to  □arlmuia), 

SEE  PAGE  94a  FOR  PIOOBS  3 

^he  ASez  regulator  mey  find  application 
at  all  canLunications,whera  cathodic 

corrosion  protection  is  used}  particu¬ 
larly  advisable  is  its  application  in  zones 
of  action  of  strigr  currents.  Right  now  the 
A3£Zt~l  is  in  industrial  application  along  pipe 
lines  in  the  regions  of  SneproipetyofTile, 


O 
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Graph  Showing  the  Change  In  Pipellna 
Potential  Without  Protection  and  After 
ConneotioB  of  ASES 
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OptL'’auii  SpeeCi.  Rci^ilator  of  River  Boata 

by 

O.FaChernish 

Beginning  ’.iiith  i960  the  Autaaatic  Controls  Laboratory  of  the  Electrotechnical 
Institute  of  tlia  Acadenc^  of  Sciences  Ukr-SSRand  the  Dejartment  of  ship  IV'^ronechaaica  of 
the  Ifydrological  and  Hydrotechnical  Inst*  of  the  Acadencr  of  Sciences  Ulaf-SER  are  conduct¬ 
ing  research  operations  on  the  develcpcient  of  an  autcoatic  indicator  and  regulator 
of  optimum,  ^eed  of  rivar  boata* 

The  tasks  of  seeking  and  laaintainiug  optiniun  speed  of  river  boats  can  be  solved 
as  systems  with  feedback,  as  well  as  si^stems  of  open  type-- trouble  control  systema  jl,  ^ 
For  practical  realization  was  selected  the  latter  sj'stem.  The  basic  advantage  of  this 
system  is  the  rapid  action,  prcaoted  by  the  fact,  that  the  inertia  of  the  ship’s  body  does 
not  affect  the  action  of  the  system* 

In  this  report  is  discussed  a  trouble  control  system  designed  and  manufactured  at 
the  AutoDQtic  Control  lab  of  the  Mectrotechnical  Inst*  of  the  Acadeigy  of  Sciences 
L’KR-SSR  by  the  author  together  with  a  (^cup  a  lab  co-workors*  in  cooperation  with  the 
Department  of  Ship’s  I-^romcchanics  and  tbs  Znst.of  Hydrology  and  Hydrotecbniqiue  of 
tbs  Acadery  of  Sciences  Ukr-SER  (solution  of  theoretical  problems  ccncerning  the  hydro¬ 
mechanics  of  the  ship  and  autanatlon  of  River  Ship  Transportation*  executed  by  Aoade  . 
mieian  of  the  Acad.of  Se*Ukx«SSR  G*E*lbvlenko)* 

The  system  realizes  *optimuffl  compounding  charaeteristle  *  n^p^  «  f]^(h)  -  depandoaos 
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of  optiraiQ  mssbcr  of  revidutions  upon  the  depth  of  ship*  s  traTol  • 

An  approccis^te  ealeulstiott  of  this  charaeteristle  was  nade  by  the  known  joethod  of 
G,£.feTlenko^3t4] 

The  calculation  recults  are  shown  in  Fig.  1. 

One  of  the  basic  units  of  the  regulatoc  is  the  functional  converter.  To  calculate 
the  functional  converter  it  Is  necessary  to  have  such  dependences,'i/hich  are  either  fiven 

analytically  or  cpraphically. 

1.  The  dependence  of  the  opiirsm  nuaiber  of  revolutions  upon  the  depths  for  various 
values  of  the  paraiaeter  p  (see  fig«l) 

««« - /. (*.>»)>  >  =  3-^7. _ 

2.  Characteristic  of  bachcaeter  generator 

—  «• 

3,  Charaeteristle  of  eoenrerttng  Installation 

4*  Characteristic  of  potentiosaeter  of  feedback  of  depth  follow  up  systeai 

(<) 

On  the  basis  of  dependences  (1)  •  (4)>it  is  possible  to  calculate  the  eharaetar* 
istic  of  the  functional  oonfertar 

“/»(*)•  (St 

Here  in  the  fori'Jilae  (1)  <•  (5)  were  introduced  such  designations i  •  optisun 

nueber  of  revolutions  of  ship's  power  plant,  b  •  depth  of  ship  travel,  •  voltage 

at  tacho  generator  outputs,  n  •  nosber  of  revolutions  of  ship's  engine, 
at  output  of  converting  installation  to  echo  depth  finder,  •  feedback  voltage 
of  the  depth  follow-up  system,  a-euigle  of  rotation  of  feedback  potent ioca ter  slide, 
Uf^P^-load  at  output  of  funetlonal  converter,  c  and  b  -  constant  coefficients. 

^Footnote  for  page  96,.,The  developcsnt  of  the  regulator  was  sissistsd  by  sngr,L,I« 
Cbugunnsya,  the  unit  was  aesdobled  by  necbanic  \',VjCorochlnskly, 


(2) 

(3) 
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Ilie  functional  oonverterconstitutes  a  functional  potentiooetert  which  realizss 
dependence  (5)«  the  role  of  functional  potentiooeter  in  the  regulators  is  utiliaad 
a  linear  wire  potent icme ter  R],*  in  which  individual  sections  of  windings  were 
shunted  by  resistances  (see  fig«2)* 


Fig«l«Dependenc3  of  optioum  numbar  of  reTolutions  of  ship's  engine 
upon  depth  for  various  values  of  the  paraoeter  p* 

In  fig«3  and  4  ie  given  the  structural  and  principal  arrangement  of  the  regain 

tor  controlling  the  rate  of  motion  of  river  boats* 

Brior  to  mounting  the  regulator  on  board  the  ship  it  is  adjusted  for  the  least 

optirum  number  of  engine  revolutions  at  any  given  depth  (e*g*l«5  m)*  In  this  ease 

there  should  be  an  e(]]uality  Of,p 


Fig.2.£cbematic  and  characteristic  of  functional  converter 
a-schematic  of  functional  converteri  Ri  -  18  kofasi*  R2*3  *  3  koha,  R4  «  9*1  kofam, 
R^^IO  kohn«  Rg  »  4*7  kohmi  characteristic  of  functional  converter}  straight  line 
-calculated  eurve,broken  oabcdef  -  approocimating  eurva* 
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During  the  moreicmt  of  the  ship  and  change  of  depth  la  ship's  travel  the  depth 
indicator  (BC  and  I-P)  emits  a  DC-voltaae,  which  is  f e  ’  to  the  input  of  the  depth  fol- 
low-up  system  (in  fie.3.  the  system  is  shown  by  dotted  line),  The  operating  engine 
VD^  together  with  depth  action  shift  the  slide  of  the  functional  potentiometer  FP, 

Hie  voltage  of  the  FP  (switch  i‘x,r  should  he  in  poaitloni)  is  parallel  with  the  voltage* 
of  the  tachct.ieter  generator  and  the  forcing  device  (IF),  The  obtained  voltage 
differential  is  amplified  ^.nd  sent  to  the  VDj^,  which  shifts  the  lever  of  the  Diesel 
fuel  punp  into  necessary  direction,  Ihe  opeveting  engine  VDj^  is  cut  off  uiai  the 
attainoent  of  ^Tg. 


FiE,3» Structural  scheme  of  regulator  governing  optiraiD  speed  of  river  boats 
S]>-selsyn-tran£r.iittor,  SP  -  sclsyn-receiver,  ?I>-phnse  discriminatoor]  Pr,x  “  type 
of  operations  s'.jltch,  IXI^scho  depth  findsr,  PP-converter  installation,  ZZ»fsadbaelc, 
Vl^-opcrat ing  englnei  FP-functionr,i. potent iotae ter j  r^F-forcing  device,  Vl^-operating 
engine,  TD-ta chemeter  generator,  D8—  ship's  power  plant. 

To  Improve  control  quality, the  regulators  enqplcy  a  forcing  device,  which  in  flg,4» 

is  designated  by  dotted  line  (see^l^,  p?,33>398)» 

Control  of  the  operational  motoof  VD^  and  71^  is  realized  through  translstore 

With  the  aid  cf  switch is  fixed  a  certain  condition  of  the  chip««hioh  is  _ 

characterised  by  tht  ciXvsu  value  ef  the  parameter 

The  reguletor  arrangersnt  is  provided  with  the  possibility  of  manual  remots  con— 

trd  of  foal  feeding  into  the  power  plant  of  the  ship.  In  this  case  the  type  of  werit 
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mritoh  P^.,(on  the  principal  dia^raa  P^)  aust  be  shifted  into  position  P.  In 

addition  the  regulator  allows  a  rapid  and  simple  ohan«e  orer  to  manual  oahls 
control  whicb  exists  on  hoard  the  ship.  To  bring  such  a  change  orer  into  realisa- 
tion,  the  ship's  engineer  should  disoonneot  only  the  power  of  the  eleotroaa^etie 
coupling  (BM)  using  oirouit  breaker  VKj,  mounted  on  the  handle  of  fttsl  feeding 
de-rios. 


Pig,4.  Principal  diagram  of  optimum  speed  regxilator  of  rirer  boats 
%-2  kohm,  B2,3-100  ohm,  84^14^34-240  ohm,  B5-  4  kohm,  85^25,2?"^ •® 

87,8"500  kohm,  H9-I.5  megohm,  Riq-I  megohm,  811^32^38-470  kohm,  812^37-110  kohm, 
H13-5O  ohm,  815^15^33-15  kohm,  H17-4O  kohm,  8i0^2l“l°®  ®19,30,35,36“22  kohm^ 

H20-3  kohm,  822,23,26,27-680  08m,  824,28-750  ohm,  H3i-funetlonal  potentiometer, 
839-150  kohm,  840^41-4.7  kohm,  Ci^2*4.0,  C3  .7-5O.O,  C4-I.O,  Cj-RO.O,  C5-IOO.O, 
Cg-lOOO.Oj  SD  and  SP  -  selsyns  types  SOSM-1,  Di_5-diode8,  I)0-TS27,  Py^g-diodes, 
1)0-T324,  Ti_5  -  P4V  typo  triodes,  VKi_5-terminal  oirouit  breakers  XT-6i, 

VDi-  operating  motor  iro-50,  VDg-operating  motor  MS-I6O,  1^,2"®*®^  signal 

lights,  L3_g-6H3P  tubes,  H»,  BJI-HKIH  type  relays,  BPi,HP2,8P5-  EP-5  (high  ohmlo) 
relay  typea,  g-TPl-R  type  owitoheof  P^-range  switoh,  P^-5P8l«-l3  type  swlteh, 

Iad~1992  type  mioroaomieter,  B^^j-aemioonduotor  reotifiers|  1^-100  t,  4OO  Of 

1^-40  T,  400  0|  U3-24  ▼!  IT4-127  T,  400  o. 

See  Page  100a  for  Figure  5 
100 
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0«n«ral  Yl«w  of  OptlnoB  Spood  Bogulator 
Of  BlTor  Boats 
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Qeaeral  Tlev  of  regulator  is  slioen  In  flg*5«  RsGul&tcor  less  depth  feeler,  power 
source  and  operational  motor,  counted  directly  along  the  pover  plant  of  the  ship 
weighs  nearly  10  kg  and  has  crerall  dimensions  of  2^07^^072^^  ^  forward  paael 

are  mounted  all  basic  regulator  adjustrent  levers, 

Ihe  regulator  was  tested  toward  the  end  of  I96I  navigation  on  a  typical  EUeper 

c* 

river  boot  covoriag  a  water  distance  of  3*5  1™  turns  which  constitutes  2055 

O 

of  the  entire  length  of  the  section, 

!:5ie  depth  along  the  section  was  changed  from  1,7  to  3  n,  !Ifesting  results  are 
listed  in  table 


Rb.of 

run 

Fuel  con¬ 
sumption 

£ 

Fuel  ccor 
sumption 
per  km 

Fuel  com¬ 
bustion 

% 

Time  of 
operation 
sec 

Speed  of 

boat 

km/hr 

Reduc¬ 

tion 

in 

speed 

_ i 

Remarks 

1 

2 

3 

Averags 

1 

2 

3 

Average 

5248 

5121 

5464 

5228 

3090 

3580 

3384 

3352 

1.50 

1,46 

1,56 

1.51 

0,883 

1,023 

0,967 

0,958 

56 

697 

635 

689 

673,6 

684 

721 

676 

694 

18,23 

19,91 

18,28 

18,81 

18,4 

17,48 

18,65 

18,19 

3 

Ship  controlled 
bj’  ship*  3  master 

Ship  controlled 
by  reguletor 

Tae  described  regulator  was  especially  developed  for  the  steamer  •laboratory*  but 


it  can  also  be  installed  on  any  one  river  steam  boat  with  suin  motors  type  S6,  and 
bj'  codifying  same  also  on  other  Diesel  outfits.  To  mount  and  adjust  regulator  on  any 
one  such  ship  v;ill  require  sli^t  resolderings  at  the  functional  converter  and  replaee-’ 
oent  of  certain  oMpoaeBts.  The  principal  arrangement  of  the  regulator  remains 
unchanged* 

As  was  shown  by  tests*  normal  operation  of  the  regulator  depends  basically  upon 
tha  reliable  operation  of  the  depth  feeler.  Good  depth  feelorsjror  optimum  speed  regg> 

Is  tors  of  rivsr  boats  can  be  echo  depth  finders  of  the  and  "RIKA*  types* 

Idteraturo 

1*  A*O.Zva1diaei)ko*  Ihehnieal  ^hemeticB,Go8te'(Chizdat,Ukr-SSR*1959 
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2,  A.G.IvaldineakOt  Eleictroavta^atilsB,  Gostekhlzdat,  Ukr-SSR,  1957 

3,  G.Ye.Pavlenko;  IJethod  of  Determining  Ferrdssible  Condition  of  Ship  Movement 
on  Hirers  and  channels.  Izdatel'stro  Acad.llal:  Ukr-t'SH,  Kiev, 1959 

4,  G.Ya.Ibvlenkoj  Controllinc  the  Condltiona  and  Automation  of  Ship  Oxidaneo  on 
Rivers.  Izdatel'stvo  Acad,llaulc,Ukr,S£R,  KieT,196l 

5,  C.F.Chernishj  On  the  Prcblein  of  Cyber neticnlly  Controlling  the  Rate  of  I-iotion  of 
Rivor  Boats,  Avtcmatilca.No,3.  19^1 

6,  O.F.Chernish}  Ttansfornfer  units  of  depth  feelers  for  river  boats. Avtomatika 

Ko.l.  1962 
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Usin^  Negative  Static  Charaoteristics  of  a  Souroe-Aro 
System  For  Welding  With  Nonoonsumahle  Electrode 

By 

Te.  M.  Teaibyan 

For  the  axo  welding  prooeae  is  highly  important  the  oonstanoy  of  the  melting 
effect  of  the  arc  on  the  welded  item^whloh  is  defined  by  three  parameters  of  the 
arc, current  I,  voltage  as  well  as  length  L, 

The  length  of  the  are  due  to  the  technological  features  of  welding  and  physi¬ 
cal  properties  of  the  arc  does  not  remain  unchanged  during  the  welding  process  sad 

varies  within  certain  intervals* 

It  an  unchanged  power  of  the  arc  with  an  increase  in  its  length  there  is  am 
inoreMe  in  the  dispersion  of  the  thermal  stream  and  its  fusing  (melting)  effect 

decreases. 


Fig.  1.  Lateral  mioroseotions  of  plates  fused  with  tungsten  electrode  in  an 

Irgon  medium  at  various  arc  current  (a)  and  at  its  various  length  (b). 

At  arc  length  fluotuatione  there  are  also  fluotuations  in  its  electric  paraamters  - 

current  and  voltage .  Arc  voltage  is  established  by  the  physical  properties  of  the  are 
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and  ehangea  with  chaiige  1&  Its  length  in  acccrdanee  with  the  linear  lavjl^ 

s  A  ♦  BL 

where  A  -  sum  oI  anodic  and  cathodic  vcltaga  drops  at  the  are* ^3  I  S  *  potential  gra¬ 
dient  at  the  coluan  of  the  arc^/nmj  • 

For  numerous  arc  types  thanks  to  the  small  potential  gradient  at  the  eolunm  of 
the  arc  the  voltage  changes  are  not  mch  higher  than  the  nature  of  the  inversa  depend¬ 
ence  of  the  smolting  action  of  the  are  upon  its  length* 

This  is  eonfinaed  by  ercparioeiital  data.  In  fig.l^a  is  shown  an  illustration  of 
a  lateral  macrosectioa  of  stainless  steel  plates  fused  together  by  a  tungotan  elec¬ 
trode  arc  in  an  argon  medium  at  unchanged  current  and  various  length  (and  relatiws 
load)  of  the  are* 

The  dependence  of  the  melting  effect  of  the  arc  upon  the  change  in  its  current 
is  straight.  In  fig*l  b  is  sham  an  analogous  illustration  of  a  lateral  tacroseetion 
cf  a  plate*welded  under  the  very  sane  eoriditions  at  unchanged  length  and  various  are 


currents. 

The  nature  of  current  change  at  change  in  arc  length  is  determined  by  the  proper¬ 
ties  of  the  power  source  and  principally  it  can  be  arbitrary.  The  eharaotariatio  of 
power  sources  of  the  welding  arc  is  in  reverse  to  the  depondencs  of  the  current  upon 
the  length  of  the  arc  (fig.2*a). 

The  dependence  of  the  current  upon  the  length  of  the  arc  I=f(L)  can  be  eonaiderod 
as  a  static  characteristic  of  the  source-arc  system,  and  its  dropping  nature  - 
as  a  .  ositive  auto-e<iUilibration  or  statism  of  the  system*  The  statism  eoeffloient 


of  the  system  in  this  case  Is 
»  dL  >  0. 

■Positive  autoaquilibration  is  a  nataral  quality  of  feedback-less  power  systems 


and  it  proved  to  be  very  profitable  for  consumable  electrode  ere*  being  the  fundation 


of  the  known,  arc  auto-control  principle.  Thanks  to  the  inverse  dependence  of  current 


upon  are  length  at  arc  length  varletichu  there  is  a  corresponding  change  in  rate  of 
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al&ctrode  neltins  (ccnsuispticn)  and,  in  this  waji  the  welding  caiditlon  is  maintained 
constant.  v^lieQ  welding  with  a'  ccnsiuaebla  electrode  are  length  variation  remain  uxt*> 
avoidable  and  at  en  Inverse  dependence  I  «  f(L)  the  variations  of  the  fusing  effect 
of  the  arc  are  intensified. 


Up  until  recently  the  technology  of  weld— 
ing  with  consimnbld  electrode  with  intent 
of  stabilizing  the  welding  process  has  emplogred 
measures  of  artificially  maintaining bhe 
unchanged  length  of  the  arc  with  the  aid 
of  automatically  controlled  (by  the  load 

Fig.2. Static  characteriatlcs  of  source- 

arc  system,  a-positiva;  b-negative  of  the  arc)  welding  heads, 

ftroposad  is  a  principally  different  way  of  stabilizing  the  melting  effect  of  the 
arc  on  account  of  obtaining  a  direct  dependence  of  current  upon  arc  length,  i.e* 
negative  static  characteristic  of  scurce-arc  system  (flg.2,b). 

As  is  shown  by  investigations,  at  a  cert^rin  negative  deviation  of  the  character¬ 
istic  I  a  f (L)  the  opposite  deviations  of  the  molting  effect  of  the  arc  with  current 
deviations  and  epc  length  deviations,  the  latter  are  nutually  compensated,  and  the 
melting  effect  of  the  arc.  as  well  as  the  welding  condition  remain  unchanged* 


7ig.3»Structural  schemes  of  devices  with 
negative  static  characteristic  of  source 
-arc  aystesua-at  cenpensati^g  current 
stabilization;  b-at  parametric  currant 
stabilization;  l-currant  aourea; 


Fig.^axirineipel  schema  of  a  occebinatiott 
carrent  control  system  by  are  length 
l-tasks;  2-current  linkage}  3-volt8ga 
liidcaga. 
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2-re2alator;3"Ccntrol  object  (’?.rc)|4“Vol  Ihe  odventace  of  ths  proposed  method  lies 
ta£0  linlcago  (dicturbed  L,j)j  ^^turrent  lin 

Icags*  in  the  fact,  that  the  develcpment  of  trouble 

due  to  arc  length  is  realized  practically  inertia  less  oy  the  very  power  source  with 
out  additional  complicated  and  inertia  rcculators  Governing  arc  length.  This  reveals 
new  possibilities  for  necheoized  cr  mnnal  welding  with  a  consumable  cleRtrode,e8peoislly 
the  abilit;'-  of  welding  of  metals  of  very  small  thickness. 


Astatic  or  negative  static  characteristic  can  be  obtained  by  introducing  into  the 
power  source  of  the  welding  arc  automo.tic  control  denents,  s,g,by 
using  a  co.cbinad  or  differential  control  systens|2,^  • 

In  fi£,4  is  given  the  principal  dia^am  of  a  coabined  current  control  systen  in 
accordance  with  arc  length  by  utilizing  a  DC  generator  with  three  control  windings  os 
po^.'er  source.  A  corresponding  structural  diagram  is  given  in  fig,3»a»  In  this  arrai^e- 
xent,  in  addition  to  the  control  principle  with  feedback  5  (conponsating  stabiliza¬ 
tion  of  arc  current), is  also  used  the  principle  of  controlling  by  the  distortions  in 
ore  length  (cotvcund  link  4  with  arc  voltage*  proportional  to  its  length). 

Another  quite  simple  variant  for  the  obtainraent  of  astatic  or  negative  static 
characteristic  of  the  source-arc  system  was  developed  at  the  Dlcctrptechnical  losti- 
tute  of  the  Acadet--  of  Sciences  Ula'-33R[43  °y  inserting  into  tho  head  of  the  welding 
ring  a  semlcoi^uctor  triodc  1  in  series  with  arc  2  and  tho  DC-sourca  3  crig.5).  In 
the  arrangement  shewn  in  fig,5,s  is  realized  paramstric  stabilization  of  arc  current, 
eqcalli;;g  the  collector  current  of  triode  Ifc,  Here  the  arc  ciirrent  at  unchanged  basic 
current  l|j  remains  unchaigod  in  broad  intervals  of  voltage  oscillaticna  of  DC  current 
source  (network  voltage  oscillations)  and  variations  in  length  (voltage)  of  are. 


to  the  stabilizlfif,  arc  currents  an  elsoent  (in  our  case  a  semiconductcor  trio4i)> 


an.  adJltional  ccapoundlUG  link  k  of  the  bese  rln^  'Jltb  arc  voltafte  ,a8  is  chown. 


in  fig.5»b*  Consatjnently  _  _ 


X  coi’i’espoadir.®  structural  sch.ei.ie  is  shown  in  fie»3»b« 


Pig.St  Prinoipal  Diagram  of  an  arrangsment 
with  Semiconductor  Triode  in  the 
ring  of  the  aroj  a-with  are  ourrwnt 
stabilisationt  h-with  aro  ourrsnt 
control. 


flg*6.Current  and  voltage  oscillograos  at  arc  length  variations 
a<-whf.n  poi^ering  aro  fron  source  nccording  to  schema  shown  in  fig»5tBt  h-  when  po» 
i/ering  aro  froo  source  according  to  scheme  shown  in  fig*5th. 

The  static  characteristic  of  ths  system  attain  a  negative  slops*  i»s«  the  ere 

current  rises  with  ths  rise  in  length  (voltage)  of  the  are* 
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In  fia«6  are  tha  r  aaiiltant 


voltage  and  arc  currant  oscillogranis  at 


artificial  arc  length  rariatlona* 

Having  applied  such  a  scheme  for  welding  of  metals  of  la/  thicknesses  in  an  JiXgoa 
medium,  wc  derived  the  possibility  of  faultlessly  welding  steel  with  a  thieVenesa  of 
up  to  O.l.nEW 
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01ek£ly  (^igorovieh  iTakhnanko 
(  On  the  50*^  Birthday) 

On  I'farch  30*  1'962  have  passed  50  years  since  the  day  of  birth  and  23  years 
of  creative*  scientific  and  pedagogical  activities  of  the  known  Ukrainian  scientist 
in  the  field  of  autoaatlon*  nember  correspondent  of  the  Acadei^^  of  Sciences  Ito-SA 
0.  G«  Ivakhnenko* 

Oleksiy  Grigorovich  \ias  born  in  the  village  of  Kobelyaki*  Poltova  region  in 
the  fesdly  of  a  rural  teacher*  In  1938  ©faduated  frora  the  I-eninsrad,Ulyanov-I<enln 
Slectrical  Engineering  Institute*  having  specialized  in  the  field  of  automation  and 
teleioechanlcs*  '/.lien  still  a  student*  in  1937*  he  published  his  first  scientifie  re* 
port  ■  On  Iheraoeloaents  •* 

Ihe  beginning  of  O.G.Iveldinenko's  scientific  activities  dates  back  in  193S*At 
that  time  he  worked  as  a  Junior  scientific  coworker  at  the  Autesnations  Laboratory 
of  the  Lenin  All  Union  Electrical  Engineering  Inst*  directed  by  academician  S*0* 
Lebedev*  In  I94O  C.G.Ivakhnenko  publishes  the  report  entitled  "Circuits  ahd  Calculs* 
tlon  of  Ihyratroa  Controllers  ”*  which  laid  the  foundation  for  his  highly 

valuable  work  on  the  utilization  of  sories  transform^  thyratrons*  and  Inter 
also  loagnetic  amplifiers  in  AC  servomotor  control  systexna*  After  completing  the 
post-graduateship  at  the  Inst. of  Physics  of  the  IW  Oleksiy  Grigorovich  presents  s 
candidate  dissertation*  devoted  to  theoretic  investigations  of  nonlinear  follow*^ 
systflBS. 


m.TT-62-1321/1^ 


109 


Ilia  entire  fvurther  scientific  acti7ity  of  the  scientist  took  place  at  the  Eleotro* 
Technical  Institute  of  the  Acadeny  of  Sciences  Ukr-SER  nr-d  the  Kiev  Polyteehnieum* 

A  nunber  of  investications  was  devoted  to  the  application  of  basic  conditions  of  non¬ 
linear  theory  of  oscillations  ’/.’hen  investipatiog  the  dynaialcs  of  automatic  systems.  In 
particular)  vjas  proven  the  advantage  of  applying  the  nonlinear  quadratic  feedback  in 
oysteiDS  with  constant  servenotor  rate*  This  idea  was  then  developed  under  consent  in 
tho  'ondertakings  of  e  number  of  other  scientists, 

’.Jorking  in  tho  field  of  automating  Pleasuring  capacitors  O.G.Ivakhnenko  publishes 
in  1951“1953  ^  number  of  reporta,  in  uhich  is  sbov-n  the  physical  realizability  and 
practical  value  of  the  invariance  theory  (\>hich  was  disclaimed  at  that  tiino)  with 
respect  to  increasing  the  accuracy  and  rapid  action  of  nutomtic  systems#  The  scien¬ 
tific  prcblens,’.'))iich  originated  in  connection  v;ith  the  develeiJnent  of  the  Invarience 
theory,  were  found  to  be  so  numercuis  and  broad,  that  .many  outstanding  scientists  had 
to  take  part  in  the  solution  of  same#  In  this  wide  branch  C,G,l7akhnenko  selected 
the  field  of  so-called  ccniblnation  systems,  ’/hich  are  used  cinrultaneously  as  a  con  - 
trol  principle  of  de’rtations  and  a  control  principle  of  troubles  as  wall.  The  problems 
of  the  invariance  theory  ar.d  the  theory  of  canbined  systems  v>ere  the  subject  of  Or# 
disfertation,'/jhich  Oleksiy  Gtlgoro-vich  submitted  in  1953* 

Beginning  ’.vith  1958  the  scientist  works  in  the  field  of  applying  the  theory  of 
combined  .oystemc  to  extreinal  control  s3’’steins.  In  tbs  nenography  •Tbchnical  Cybernetics* 
which  was  published  in  1959*  the  author  showed  ,thac  in  cmtrenal  .sy.ete.ms  i-e  also  posalbl* 
sible  the  realization  of  invariance  conditions  in  all  its  forms  with  the  purpose  of 
inproving  the.  actions  of  these  systems.  It  ’.jar  sbara  in  his  racent  reports,  that  all 
most  progressive  methods  of  the  control  theory  are  clo.eely  couiected  with  the  general 
invnriance  theory# 

Oleksiy  Grigorovich  combines  successfully  his  scientific  activity  with  pedago¬ 
gical  work.  He  has  schooled  many  a  young  aoientifie  woikar  in  the  field 
of  autooetis  control. 
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C.G.lrjWincElco  published  JC  scientific  rspa'ts  and  5  none, •graphic a,  a  si7eahlo  nua 
her  of  hi-  repofts  wan  published  In  foreign  olitlons^' 

the  head  of  the  Kiev  territorial  fjeup  of  ^btional  Gonmdttea  of  the  TJl:r-SSR 
dealing  in  autcnatic  ccxtrol,  Clekaiy  Grigcrovich  ia  devfcting  imeh  streiigth  ai^  energy 
to  thj  prepasanda  of  new  ideas,  orjd’dzation  cf  rcjular  saninarles,  lectures,  is 
an  active  c-^ntrilutor  to  the  journal  Artoniatika  fron  the  day  it  has  been  founded. 

Cteetin^  C.G.lvaldinenko  on  bis  50-th  birthday,  the  sditorship  of  -^he  journal 
'virhes  hin  long  years  of  life  snu  new  creative  saccessea* 
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